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ABSTRACT

IMPROVING SCIENCE LEARNING: INQUIRY-BASED AND
TRADITIONAL FIRST-YEAR COLLEGE SCIENCE CURRICULA

SEPTEMBER 2000
LAURA WENK, B.S., COOK COLLEGE, RUTGERS UNIVERSITY
M.S., UNIVERSITY OF MASSACHUSETTS, AMHERST
M.ED., UNIVERSITY OF MASSACHUSETTS, AMHERST
ED.D., UNIVERSITY OF MASSACHUSETTS, AMHERST
Directed by: Professor Robert L. Sinclair

This study was designed to: a) describe the degree to which
introductory science programs at two colleges engaged students in the
process of scientific inquiry, and b) describe changes in students’ maturity
with regard to epistemology, methods of justifying decisions, and agency in
science. Course descriptions drew from classroom observations, interviews
with faculty about their goals and methods, and interviews with students
about their experiences in the courses. Student development was analyzed
from pre- and post-semester interviews, pre-, post-semester Likert-scale
surveys on students’ attitudes and beliefs about science, and post-semester,
Likert-scale student self-assessments.

VII

Both the inquiry and traditional programs allowed opportunities for
students to be engaged in answering ill-structured questions. Overall, the
inquiry-based courses had more intensive engagement of students in the
processes scientists use in authentic research. Students in inquiry-based
courses made significantly greater gains in epistemology and methods of
justifying decisions as measured by coding interviews and performing t-tests
on survey items. What is more, students in inquiry courses reported
producing work of their own design. Students in both programs, however,
were more confident of their abilities to participate in science after one
semester in college.
Courses whose goals were primarily content related taught students
content and studenting skills; courses whose goals were explicitly process
related taught students about the nature and methods of science. The
results indicate that if college students are to better understand the nature of
scientific knowledge and be better able to justify decisions about complex
scientific issues, they should be engaged in more inquiry-based course work.
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CHAPTER 1
INTRODUCTION
Statement of the Problem
The traditional view of lecture-based college instruction as the transfer
of knowledge from faculty member to student is not in keeping with
constructivist conceptions of learning that have emerged from the fields of
human development and cognition. There is strong experimental evidence
that knowledge is constructed by an individual in social contexts, that it is
dependent on prior knowledge, and that it is most useful when learned in
situations similar to those in which it is to be applied (Minick, Stone, &
Forman 1993; Lave 1991; Wertsch 1991; Resnick 1987; Segal, Chipman, &
Glaser 1985; Glaser 1984; Vygotsky 1978). College instruction that aims to
be aligned with constructivist views of learning would expose students to the
real methods of the disciplines they are taught, using techniques that can be
applied in diverse situations in the future. It would allow for interactions
with other students, faculty, and support staff as well as with the tools and
language of the specific discourse community. When necessary, it would also
provide background information required for further understanding and help
students see that they are capable of constructing knowledge in that
discipline (Resnick, 1989).
In terms of science instruction in particular, this constructivist view
points to engagement in real science inquiry. In fact, in 1996 the National
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Science Foundation (NSF) (National Science Foundation, 1996) proposed
decisive action to change science, mathematics, engineering, and technology
education in order that they expose American college students to the kinds of
experiences that require:
All students have access to supportive, excellent undergraduate
education in science, mathematics, engineering, and technology,
and all students learn these subjects by direct experience with
the methods and processes of inquiry. (1996, p. 1)

The NSFs unusual foray into the recommendation of specific pedagogy for
teaching science evidences the compelling nature of the supporting literature
on inquiry learning for students’ understanding of the nature of science and
science knowledge.
There are a number of qualities of science that one can better
understand by engaging in the process of inquiry. Two important
characteristics are described here. One is that there is uncertainty in
scientific knowledge. Scientific ideas, theories, principles, and laws are
extrapolations from observations. As such, they are subject to imprecision,
error, and doubt even if the observations were done most carefully and
systematically (Feynman, 1998). The uncertainty of scientific knowledge is a
limitation of the subject content, but it is not a fatal drawback. Richard
Feynman, a renowned physicist and philosopher of science, said that the
doubt inherent in scientific knowledge is of value. He stated:
... if we did not have a doubt or recognize ignorance, we would
not get any new ideas. There would be nothing worth checking,
because we would know what is true. So what we call scientific
2

knowledge today is a body of statements of varying degrees of
certainty. Some of them are most unsure; some of them are
nearly sure; but none is absolutely certain.... Doubt is not to be
feared... it is to be welcomed as the possibility of a new potential
for human beings. (1998, p. 27)

A second characteristic of science that becomes clear by engaging in
inquiry is that the scientific method is a complex, nonlinear process. In doing
science, a scientist goes through iterative cycles of observation, generation of
hypotheses, testing, evaluation of results, and the making of decisionjudgments. By attempting to learn science by merely looking at the results of
scientific inquiry and argumentation, one does not have the same
opportunities to weigh evidence, consider alternatives, and make sense of the
complexity that is at the core of science. In 1916, John Dewey wrote of the
importance of conflict in stimulating reflective thought. He said:
We have reached the point of conflict in the matters of an
experience. It is in this conflict and because of it that the
matters, or significant [properties], stand out as matters. As
long as the sun revolves about the earth without question, this
“content” is not in any way abstracted. Its distinction from the
form or mode of experience as its matter is the work of
reflection. The same conflict makes other experiences assume
discriminated objectification; they, too, cease to be ways of
living, and become distinct objects of observation and
consideration. (1916, p. 136)
By engaging in science rather than learning science facts, individuals
have the opportunity to: a) decide what constitutes good evidence and hone
their abilities to weigh evidence, b) see that they are capable of making
science judgments and constructing science knowledge, and c) learn that
3

science is a complex endeavor that always involves uncertainty. Teaching
science via inquiry, then, fits more closely with the nature of science itself.
There is a second reason for pursuing an inquiry approach to science
education concerning general tenets of effective teaching. College science
lecture halls have often been cited as being alienating environments; the
curriculum of the college science survey course has been touted as being
irrelevant and abstract (Seymour, 1995). Current statistics show that 54.7%
of all students entering traditional science programs leave these programs
citing loss of interest (“turned off” by science), impersonal atmosphere of
science, lack of relevance to their fives, bad teaching, rejection of science
careers and lifestyles, curriculum overload, as well as better education and
more interest in non-science majors (Seymour, 1995). In particular, women
and students of color are more likely to major outside of the sciences or leave
science programs once they have started than are white males (Tobias, 1990).
The environment created by students working together to answer
relevant, authentic questions, with the instructor as facilitator or support
may create the kind of experience that is more welcoming to a wider audience
of students. Having inquired into a relevant, authentic science question,
even in introductory science programs, all individuals may become better
decision-makers in issues requiring scientific judgment and may see
themselves as more capable of pursuing careers in the sciences.
Although there are compelling reasons to teach science by inquiry
methods, for the most part college science programs do not provide for
4

student involvement in real science experiments or even in group or
collaborative work (NSF, 1996). Many students, then, never engage in real
scientific research in college. If college graduates are to be able to make
scientific judgments in their own fives and appreciate science and nature,
then there is much to be done to bring science education into line with what
is known about teaching and learning.

Purpose of the Study
The purpose of this dissertation is two-fold. First, the study briefly
describes the teaching and learning that take place in introductory science
courses at two institutions. At one of these colleges (called “Alternative
College” herein) the first-year program is designed to engage students in
research on open-ended, researchable problems, with an emphasis on
learning the process of science. At the second institution (“Women’s College”)
the first year program focuses much more on learning content, with an eye
toward giving students a solid science background in order that they be
prepared for future studies and research. The description of these courses
focuses on the degree to which they involve students in scientific inquiry and
engage students in the solving of ill-structured problems. Specifically, this
first part of the study is designed to answer the following research question:
to what degree are the introductory science courses at these institutions
involving students in the habits of mind associated with inquiry learning?
5

As its second purpose, this research compares the students in these
different learning environments with regards to a number of dimensions of
college-age adult development. More specifically, the second part of this
research strives to answer the following three research questions:
1) Are the changes in students’ epistemic assumptions different when
science learning is more inquiry-based rather than more traditional
or content-based?
2) Are the changes in students’ methods of justifying decisions about
ill-structured problems different when science learning is more
inquiry-based rather than more traditional or content-based?
3) Are the changes in students’ sense of agency with regard to science
different when science learning is more inquiry-based rather than
more traditional or content-based?

Data collected include:
a) Student responses to Likert-scale survey items about their
epistemic beliefs in science, their methods of justifying decisions,
and their agency in science (pre and post course),
b) Student responses to Likert-scale survey items about their own
assessment of their learning in the course as it pertains to agency
(post course),
c) In-depth interviews about epistemology, methods of justifying
decisions, and agency completed with a sample of students in four
different inquiry-based courses and three traditional courses (pre
and post course),
d) Interviews with faculty about their teaching goals with regard to
inquiry, and
e) Observations of classrooms for evidence of inquiry skills (4 at
Alternative College, 3 at Women’s College)
From these data, it will be possible to create a description of the kinds
of learning opportunities that have the greatest effects on student learning
and thinking in the different curricular/instructional schemes. This
information is invaluable in painting a picture of the learning environment
6

to which students are reacting. It will also be possible to describe students’
epistemic assumptions in science, their methods of making judgments about
ill-structured problems, and their agency with regard to science.

Definition of Terms
For the purpose of this study the following definitions of key terms will
be used:
Agency William Perry (1970) described a transition from an authorityoriented structure of thinking (where authority figures are indistinguishable
from the “truths” they share) to a horizontal relation to authority where
individuals see themselves as operating in community with authorities. For
the purposes of this paper, students who are authority-oriented, will be
described as lacking agency, or being authority-based. Those who see
themselves as able to participate with authorities in creating meaning in a
given context will be described as having agency or internal agency.
Authentic science In this paper, authentic science is used to describe
the process of examining real, open-ended or ill-structured problems, the
answers to which are not already known by the instructor or the students
involved in the pursuit of their clarification. Authentic science is
accomplished using the tools of scientists (including appropriate laboratory,
field, and library techniques and resources).

7

Epistemology In their 1994 work, King and Kitchener define
epistemology as the assumptions about what and how something can be
known (1994, p. xvi). Individuals vary in their beliefs about the nature of
knowledge, particularly in the degree to which it can be known with
certainty. King and Kitchener claim that people’s epistemic assumptions
affect how they frame a problem and the ways that they justify their
decisions about problem solutions. They have developed 7 distinct epistemic
assumptions that correlated to people’s concepts of justification. Although
justification is clearly related to epistemology, in this paper the 2 concepts
will be kept distinct with epistemology connoting the degree of uncertainty
that an individual sees in knowledge claims (and more specifically, to
scientific knowledge claims). Epistemic assumptions range from that of
believing knowledge can be known absolutely and concretely to the
understanding that knowledge is created in a context and is subjective.
Ill-structured problems in their 1994 book Developing Reflective
Judgment, King and Kitchener describe ill-structured problems as those that

“cannot be described with a high degree of completeness” or “resolved with a
high degree of certainty.” They note that “experts often disagree about the
best solution, even when the problem can be considered solved.” These are
questions that are used educationally to help students learn to construct and
defend reasonable solutions (1994, p. 11).
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The term is used to talk about complex, real life questions of public
policy and/or relevant scientific knowledge construction. Authentic science
tends to inquire into problems that are ill structured.
Inquiry In 1938, John Dewey defined Inquiry as “the controlled or
directed transformation of an indeterminate situation into one that is so
determinate in its constituent distinctions and relations as to convert the
elements of the original situation into a unified whole” (1938, p. 104). In this
paper, inquiry will be applied to the systematic process of exploring illstructured questions of relevance to students in science, such that
distinctions are made as to the relative importance of and interrelationships
among involved variables. Such inquiry may be laboratory, field, or librarybased.
Justification For purposes of this paper, an individual’s method of
justification is akin to the particular types of evidence they use in making
judgments about an ill-structured problem. For example, an individual
might point to information from a teacher, parent, or research scientist, or
they might state that they could not come to a conclusion until they did the
experiment themselves. They might look to popular media, research studies,
advertisements, or friends as sources of valid information.
Traditional instruction Lauren Resnick describes the traditional view
of instruction as “direct transfer of knowledge” (1989, p. 2). Instructors, in
this view, are seen as efficiently transferring knowledge to relatively large
numbers of people at once through lectures. For the purposes of this study,
9

traditional instruction will connote lecture-based courses where students are
primarily engaged in listening and taking notes. Though, clearly, there is
opportunity for students to ask questions, these questions are often asking
for clarification of points made by the instructor. The traditional courses may
also have associated laboratory sections. The lab experiments are
predetermined and are set by the instructor. Students demonstrate their
learning through paper and pencil exams and by writing lab reports rather
than by doing original lab, field, or library research.

Significance of the Study
This study is significant because of the role of authentic science in
contemporary life and because of the role of mature epistemic assumptions in
evaluating competing knowledge claims. Understanding the sources of
uncertainty and reasons for disagreement in complex scientific issues is
associated with the ability to evaluate these different claims and make
defensible decisions (Schwab, 1962). Yet most students leave college with
less mature, knowledge-unproblematic epistemologies (King & Kitchener,
1994; Baxter Magolda, 1992; Hofer & Pintrich, 1997). It is important for
individuals to be able to make sound decision-judgments about science
problems for which no simple, correct answer is known. Individuals
encounter such questions in public policy (such as those problems
surrounding the environment, medical ethics, and health care policy) and in
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personal nutrition and health, as well as in scientific endeavors. Findings
about the kinds of experiences that prompt students to be able to make good
decision-judgments in science can help to clarify the kinds of learning
opportunities that are important to include in a college science program if
colleges are to educate students who can deal with uncertainty, make
informed judgments, and take personal responsibility for the consequences of
their decisions.
The study is also significant because it describes potential outcomes of
introductory college science education that is in keeping with National
Science Foundation recommendations for learning through inquiry. In
particular, it describes learning outcomes that are ignored in more
traditional measures of educational success, which typically depend on
content-based performance on standardized tests. A rich description of the
nature of student learning in a first-year inquiry program could offer
incentive for college instructors to dedicate the time and energy necessary to
change their curriculum and instruction in accordance with
recommendations of the NSF and cognitive scientists.

Delimitations of the Study
This study aims to describe the experiences of students enrolled in
introductory science programs at two private colleges that have a liberal
tradition. That is, they value the qualities of inquiry, relativism, and
11

thinking for oneself. One of the institutions, called “Alternative College” in
this paper, is an alternative institution that involves students in individual
and group inquiry into authentic problems. It tends to attract self-motivated
students who question the status quo of traditional educational
environments. The second institution, called “Women’s College” for the
purposes of this paper, attracts students of similar caliber into a rigorous,
and likely more traditional, educational program. This study describes the
two learning environments in introductory science courses for the two
institutions (from observations, and from interviews with faculty and
students) and compares student performance and responses to 3 paper and
pencil surveys and in semi-structured interviews. It does not attempt to
make generalizations beyond these populations of students. In addition, no
attempt is made to compare students who are enrolled in science courses at
the 2 colleges to those students who are not taking science courses in these
institutions during the fall semester.
The study, then, does not try to prove cause and effect. That is,
students enrolled in natural science courses at Alternative College are also
immersed in a strong culture of questioning; those taking introductory
science courses at Women’s College are steeped in a tradition that
emphasizes personal responsibility and capacity for success in rigorous
environments. This study does not attempt to control for the other portions
of the college cultures that might influence students’ thinking, about the
uncertainty in scientific knowledge or about one s sense of agency. Instead, it
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describes the science experience for students in both locales and compares
student responses to interview and survey questions, noting that the
populations of students chosen for study are as similar as possible. It does
not claim to be a controlled experiment comparing inquiry-based teaching
and learning with more traditional curriculum and instruction.
This study attempts to describe the range of experiences that students
have in their introductory science courses at Alternative and Women’s
Colleges. It also describes the students before and after the semester with
regards to epistemic assumptions, means of justifying their reasoning, and
their agency in science. Whenever possible the links are made to learning
situations that students name as being important in their thinking, but no
attempt is made to defend causality.
It is important to note that this dissertation takes place in the context
of a larger study funded by grants from the Howard Hughes Medical
Institute (HHMI) and from the National Science Foundation (NSF). This
researcher is part of the evaluation team at the recipient, Alternative
College. Use of the same instruments for both purposes in no way poses a
conflict of interest. It does, however, mean that other interested parties had
to consent to the final drafts of the instruments and that some questions in
each of the instruments of concern only to the larger study will be ignored in
this dissertation. Their presence on the surveys fulfills purposes peculiar to
the HHMI and NSF grant objectives. Other evaluation team members at
Alternative College are supportive of the dual role of the instruments and
13

encouraged the addition of questions that supported the purposes of this
research.

Structure of the Dissertation

This dissertation consists of five interrelated chapters. Chapter 1
describes the research problem, the purpose of the study, the definition of
relevant terms, the significance and delimitations of the study. Chapter 2
reviews the relevant literature, provides the theoretical basis of the study
and locates it in a larger educational literature. Chapter 3 details the design
of the study and the data collection procedures. It also lays out the methods
used to analyze data. Chapter 4 is a presentation of the data and the
findings. The findings follow from the data and in the presentation, the data
are tied to the appropriate literature. Chapter 5 summarizes the research,
elucidates unexpected findings, makes recommendations for college science
curriculum and instruction, suggests avenues for further study, and provides
conclusions based on the data.

14

CHAPTER 2
REVIEW OF RELATED LITERATURE:

The review of literature will be composed of two inter-related parts.
Here, each section is described in terms of its scope and its use. The first
literature to be reviewed is a definition of and rationale for inquiry-based
teaching and learning. In order to understand the nature of the instruction
considered in this paper, it is important to understand the distinguishing
features of inquiry and their importance in this approach to teaching and
learning. This review considers science education as a special context in
which inquiry-based instruction is used. It does so, because it is important to
understand the particular characteristics of scientific inquiry that are
emphasized in the application of inquiry in the classroom, as well as the
ways that inquiry-based instruction is typically practiced in college science
courses.
The second portion of the literature review will be an explication of the
developmental literature on epistemology, agency, and justification in college
students. This is a huge literature and this researcher does not propose to be
exhaustive in such a review. Instead, the overall structure and history of the
developmental literature will be described, pointing the reader to seminal
works and current thinking by developmental stage theorists and by social
constructivists.

15

Part L Inquiry-Based College Science Instruction

It is not a new idea that the nature of students’ experience in schools
has a significant effect on children’s’ growth and development. John Dewey
wrote extensively about the social nature of learning and the responsibility of
schools in creating educative experiences that take into account the nature of
the child and the future use of the subjects of study. In Experience and

Education (1938, p. 47) Dewey makes a powerful argument for structuring
experiences in authentic ways, that is, in creating experiences that more
closely resemble the conditions under which the knowledge will be used. He
stated:
In a certain sense every experience should do something to
prepare a person for later experiences of a deeper and more
expansive quality. That is the very meaning of growth,
continuity, reconstruction of experience. But it is a mistake to
suppose that the mere acquisition of a certain amount of
arithmetic, geography, history, etc., which is taught and studied
because it may be useful at some time in the future, has this
effect, and it is a mistake to suppose that acquisition of skills in
reading and figuring will automatically constitute preparation
for their right and effective use under conditions very unlike
those in which they were acquired.
Dewey’s ideas have had profound effects on general educational
theorists and practitioners in the subject areas since the early 1900s. Jerome
Bruner is one such educator. In 1963 Bruner wrote the Process of Education
in which he made a case for inquiry learning, where the learning experiences
students encounter reflect the basic structure of the fields of knowledge they
study. According to Bruner, the kind of teaching and learning that is likely
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to have the greatest effect on students’ thinking in the years to come is that
which helps the students understand the fundamental structure of the
disciplines. It is the understanding of structure, and not the learning of facts
or techniques, which most affects the transfer of learning to new situations.
Looked at in this way, what a student does to further her understanding and
what a scientist does to further her understanding should be the same - that
is, they should be engaged in the same kinds of activities although to
different degrees. He stated:
The schoolboy learning physics is a physicist, and it is easier for
him to learn physics behaving like a physicist than doing
something else. The “something else” usually involves the task
of mastering... classroom discussions and textbooks that talk
about the conclusions in a field of intellectual inquiry rather
than centering upon the inquiry itself. Approached in that way,
high school physics often looks very little like physics...(1963,

P-14)

The descriptive terms for current science, math, engineering, and
technology reforms are “hands-on”, “student-active”, “investigative”, “inquirybased”, or “discovery-based.” All are “constructivist” teaching strategies, in
that they provide opportunities for students to engage more fully in making
meaning about scientific concepts (Resnick, 1989). Although inquiry-based
teaching strategies are all constructivist, not all constructivist strategies are
inquiry-based. Inquiry-based teaching is structured similarly to the real
process that professionals use in their own work.
not be.
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Hands-on activities need

Inquiry-based science instruction mirrors the methods that scientists
use in solving a problem or answering a question. It involves students in a
sequence of research processes whereby they first formulate a question, and
then generate a series of competing hypotheses and predictions related to
their question. Students then plan and initiate experiments or engage in
library research in order to collect appropriate data. Students analyze the
data, make judgments about the generalizability of their findings, revise
their initial question and hypotheses, and reflect upon their experiences and
their inquiry process (White and Frederiksen, 1998).
Students in inquiry classrooms must engage in all parts of the inquiry
cycle in order to answer their research question. Performing less authentic
“hands-on” activities does not guarantee that students see the work as
relevant or that students engage in the kinds of learning activities that the
assignments are designed to promote. Nelson (1994) showed that student
interpretations of writing assignments often differed from instructor
intentions and that a student response to assignments depended upon what
products were most rewarded. Without appropriate rewards or task
structure, students were more likely to take short cuts and fail to engage
with the material according to instructor goals (Nelson, 1994). Graber (1988)
termed the student behaviors of cheating, taking short-cuts, psyching-out the
teacher, and faking public expressions of belief “studentship.

It is possible

that designing courses around the authentic inquiry into relevant (perhaps
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even student-selected) topics might decrease studentship and increase
student engagement in tasks that help them meet course objectives.
Inquiry-based science curriculums have been structured in a number
of ways. In some programs, students are encouraged to ask their own
questions in a field of study, refine the question so it is researchable, and to
develop and implement ways to answer the questions in the lab or in the
library (D’Avanzo & McNeal, 1997). Other inquiry-based programs use
specific strategies originally developed for use in medical school education
called Problem-Based Learning (PBL) and Case Studies in which the
instructor determines what questions are asked. Still other programs use
strategies that emphasize peer interaction in developing hypotheses, making
predictions, and explaining their thinking.
Both PBLs and Case Studies use context-rich, ill-structured problems
with multiple solutions or with some ambiguity as to their solution (Stepien
& Pyke, 1997; Wasserman, 1994). Students typically are placed in a specific
role (such as doctor, scientist, policy-maker, or consultant) and charged with
solving the problem. Students work in cooperative groups with different
individuals responsible for a portion of the research or design proposal.
Group members use various resources (often primary literature, but also
references and texts) to gather information that they bring back to the group.
The group integrates what they have each found in order to answer the
question and justify their reasoning. Groups are also given time to reflect on
their process, decide what information is still needed, and explain reasons for
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conflicting results (Williams & Duch, 1997; Allen, 1997; Stepien & Pyke,
1997; Wasserman, 1994). The result is often a presentation or product that is
evaluated based on predetermined criteria that demonstrate student mastery
of the problem.
Many science educators have students involved in answering contextrich problems in class, often in small groups, without asking students to do
open-ended research. The problems are smaller in scope than the PBLs
described above. Heller and her colleagues showed that college students’
physics problem-solving skills improved when students worked in wellfunctioning cooperative groups on context-rich problems (Heller, Keith, &
Anderson, 1992; Heller & Hollabaugh 1992). Similar context-rich problems
have been used by other physicists to encourage students to focus on concepts
instead of searching for algorithms to solve problems more quickly and
superficially (Dufresne, Gerace, Leonard, & Mestre; 1991; Reif & Allen 1986).
Other examples of inquiry-based science teaching may use portions of
the inquiry cycle rather than engage students in the entire cycle described
above. In one example, Itakura (1962, as cited in Hatano, 1993) proposes a
Hypothesis-Experiment-Instruction method of teaching high school biology.
Here, students predict the outcome of an experiment and then debate their
answers with students who disagree. In a multi-stage process, students are
given the opportunity to observe or read about experiments, explain their
thinking to others, listen to arguments, test their hypotheses, etc. The
instructor acts as moderator of the process. Hatano and Inagaki (1987)
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found that students’ taught in this way had increased understanding of the
scientific concepts.
Although science classrooms have different purposes than research
laboratories and cannot be expected to be replicas of the larger scientific
community, inquiry-based science classrooms are places where students
learn about the authentic contexts in which scientific knowledge is created
and used. Inquiry-based science education is not only aimed at learning
science content, but on helping students understand the contextual nature of
scientific knowledge and the social aspects of the practice of science. What
develops is an understanding of science as a system of inquiry that includes
the generation of hypotheses, collection of results to be interpreted in a
particular context, the weighing of evidence, justification of decisions, and
reflection on the nature of scientific disagreement.

Part II: Developmental Theory

Overview
Learning science content and using scientific knowledge to make
decisions requires a number of developmentally mature habits of mind.
Some are that one seek out and consider diverse perspectives, that one not
take things at face value, but look for underlying assumptions and the ways
that the context of an event might shape it — all of which can be traced to

21

developmental phenomena. There is evidence that having a more mature
epistemology in science contributes to better learning of science content
(Hammer, 1994; Schommer, 1993; Songer & Linn, 1991). What’s more, more
mature epistemologies in science are associated both with understanding
how to evaluate competing evidence in science and understanding that the
existence of uncertainty in science does not undermine science’s usefulness in
decision making in light of controversies (Schwab, 1962).
Despite the importance of developing mature scientific epistemologies,
studies of college students repeatedly demonstrate that college students enter
(and often leave) college with fact-based views of scientific knowledge and
authority-based means of making decisions in science (King & Kitchener,
1994; Hofer and Pintrich, 1997; Baxter Magolda, 1992). This study explores
the ways in which inquiry-based education might affect the development of
epistemic assumptions in science, methods of justifying decisions, and the
personal view that one is able to participate in making scientific meaning.
The theories of adult development that are used in analyzing the
experiences of students in this document come from two different traditions.
The first one, characterized by the work of Piaget, has probably been the
most persistent view in science education. The second, stemming from the
work of Lev Vygotsky was translated from the original Russian into English
in the late 1960’s and is only now being recognized as a powerful theory for
explaining teaching and learning (Howe, 1996). The work of the Piagetian
theorists elucidates the direction of change in epistemic assumptions,
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justification, and agency in late adolescence and early adulthood. The work
of Vy got ski an scholars clarifies the ways that curriculum and instruction are
crucial in affecting these developmental changes.
There are two important distinctions between Piagetian and
Vygotskian theories that warrant examination early on. One is the different
assumptions about the relationship between development and learning. The
second is the role of the environment in development.

The Relationship between Learning and Development

In the Piagetian view, development proceeds independent of classroom
learning. That is, an individual acquires processes such as deductive
reasoning, interpretation of causality, mastery of logical thought and
abstract reasoning without the influence of instruction. The acquisition of
such skills occurs as a result of the elaboration or substitution of innate
responses with more complex responses. Mental functioning becomes more
complex as an individual ages.
In this viewpoint, development is seen as a prerequisite for learning.
If a child’s mental functioning or intellectual operations have not matured to
the extent necessary to understand certain concepts, then no amount of
instruction will be useful for learning. This assumption that learning trails
development precludes the notion that learning may, in fact, affect or
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precede, development. As a result, Piaget believed that instruction should be
left up to children’s ability to discover for themselves.
In Vygotskian theory, in contrast, teaching and nurture move ahead of
development and are essential for it. According to Vygotsky, “the
development of the psychological foundations for instruction in basic subjects
does not precede instruction but unfolds in a continuous interaction with the
contributions of instruction” (Vygotsky, 1962).
Vygotsky described the conditions under which instruction is likely to
be most productive. In so doing, he defined a zone of proximal development,
or the distance between the actual developmental level as determined by
independent problem solving and the level of potential development as
determined through problem solving under adult guidance or in collaboration
with more capable peers (Vygotsky, 1978). Development occurs within the
zone of proximal development as a result of socially mediated interactions
with adults and competent peers.

The Role of Environment

For Vygotsky, the existence of social interaction and the particular
form of socially mediated interaction are determining factors in the
development of an individual. Internal maturation is necessary in that
human physiological function is dependent on mature systems, but the
thought processes that we use are explained largely by our “appropriation” of
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sociohistorically evolved means of mediation and forms of activity (Leontiev,
1981). This close connection between social interaction and the organization
of the mind can be exemplified by Vygotsky’s claim that “the levels of
generalization in a child correspond strictly to the levels in the development
of social interaction. Any new level in the child’s generalization signifies a
new level in the possibility for social interaction” (1956, cited in Cole, 1985, p.
148).
In contrast, Piagetian theory only deals with environmental effects on
development in that the environment is seen as affecting individual
development. That is, ontogenesis is not seen as involving any principles
other than those that apply directly to the individual (Wertsch, Minick &
Arns, 1984).

Adult Development Stage Theories

Part I: Piagetian Developmental Theorists

Overview The work of two of the Piagetian theorists considered here
specifically illuminate the changes in individuals understanding of the
nature and source of knowledge, and their relationship to authority (i.e.
whether they have external or internal agency). William Perry created a
scheme of young adult development based on his work with male students at
Harvard (1970, 1981); Belenky, Clinchy, Goldberger, andTarule (1986)
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described, possibly, complementary ways of knowing from their study of
women in college and in counseling centers. A third Piagetian theorist,
Marcia Baxter Magolda (1992) has combined these works to produce a
schema that is gender neutral.
Two other theorists in the Piagetian tradition have created a
developmental schema that is specifically helpful for understanding complex
reasoning in adolescents and adults. King and Kitchener formulated a model
of changes in reflective judgment that describes the development of epistemic
assumptions and concepts of justification that they observed in individuals
from late childhood through adulthood (King & Kitchener, 1994).
Piaget observed that the cognitive structures that humans use to
organize their understanding of the world around them changed in regular
ways and that individuals of different ages exhibited qualitatively different
ways of responding to their environment. He attributed these changes to the
abrupt changes in the use of different cognitive structures that he associated
with different developmental stages, and believed that individuals moved
through these stages in invariant sequence (Piaget, 1974).
Although the Piagetian theories explicated here all describe
qualitatively different stages or positions in development of individuals, they
vary in the extent to which they see the movement from stage to stage as
invariable and the extent to which they see radical discontinuity between
stages. For example, Belenky and her colleagues hesitated to say that
women move through the positions they described in a particular order (they
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preferred to use their positions as helpful descriptions of women’s ways of
knowing). King and Kitchener see their stages as occurring in a particular
sequence, but believe that movement between stages is fluid, with
individuals operating in different stage structures at the same time (King &
Kitchener, 1994).
These works will be contrasted with that of Vygotsky, whose work
comes from the Russian sociohistorical tradition in psychology that
emphasized the cultural and historical origins of mental functioning. His
focus was not on the stages of cognitive development, but on the way that
development likely takes place through collaboration between adults and
competent peers.

The Work of William Perry
In 1970, William Perry and his colleagues published a nine-stage
scheme of development of college-aged students’ patterns of thought,
specifically with regard to the nature of knowledge and authority (Perry,
1970). These two characteristics are likely linked. That is, one’s ways of
being (degree of personal agency) would be reasonably connected to one’s way
of knowing (epistemology).
In understanding Perry’s work, it is helpful to be aware of three basic
principles that come from Piaget’s mfluence on his work. They are. 1)
learning and development are active, not passive processes, 2) development
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follows a linear sequence, and 3) understanding cannot reach beyond one’s
present developmental stage.
Like Piaget, Perry describes development as following a, more or less,
linear progression through stages based on the internal development of the
individual. In his view the individual is actively involved in selecting stimuli
from the environment that have an impact on development (such as
understanding that multiple views exist as a result in engaging in late night
discussions with peers in the dormitories), but this development is an
internal process that is not influenced by instruction. Development must
occur before a student could be receptive to particular instructional or
curricular strategies.
Conceptual understanding at each stage is based on understandings
from prior stages, but represents a reorganization of knowledge at a new
level of complexity. An individual must pass through one level of complexity
in understanding before being ready to make the transition to the next stage.
Understanding at one developmental stage is qualitatively different
from that at the preceding and following stages. An individual views the
world through a particular set of lenses at any given point in development.
That means that there is no lens to bring more complex concepts into focus
until an individual makes the shift to more complex ways of knowing.

Perry’s Theory of Development Perry’s scheme is composed of 9 stages,
or Positions (that can be grouped into 3 or 4 distinctly different modes of
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thought) and the transitions between them (Perry 1970, 1981). Essentially,
students pass first through stages of Dualism where meaning can be divided
into two realms - Right versus Wrong, Good versus Bad, We versus They,
etc.

These dualistic thinkers also tend to experience agency as being held by

external authorities. Dualism becomes modified into Multiplicity when
students are confronted repeatedly with alternative conceptions of ideas or
varied opinions. At these positions, diversity of opinion and values is
accepted in areas where some right answer is not known (any answer, then is
as good as another). Multiplicity is a modification of Dualism in that the
individual does not see one right and one wrong answer. Dualistic thinking,
however, is still apparent in Multiplicity. The tenacity with which a
multiplistic thinker often clings to the idea that no answer is better than
another is a form of the classically “either/or” argument that belonged to the
earlier stages (where either there is one right answer or there cannot be one
right answer). With continued exposure to situations in which one answer
can be better supported, though not necessarily proven, Multiplicity
eventually gives way to Relativism.

In Relativism, there is an appreciation

that a diversity of opinions, values, and judgments comes out of coherent
systems of comparison. Some opinions are seen as worthless, some as more
sound. There is an understanding that there will remain matters about
which reasonable people will reasonably disagree. An individual enters
Commitment in Relativism when she makes life decisions in the awareness of
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Table 1: Perry’s Scheme of Development Illustrated by Stereotypical Student
_
Statements*
Position
Authorities know.
1
Position
True Authorities must be Right, the others are frauds.
2
Position
Some uncertainties and different opinions are real and legitimate
3
temporarily, even for Authorities.
Position
Where Authorities don’t know the Right Answers, everyone has a
4a
right to their own opinion; no one is wrong.
Position
In certain courses Authorities are not asking for the Right
4b
Answer; They want us to think about things in a certain way,
supporting opinion with data.
Position
Everything is relative but not equally valid. You have to
5
understand how each context works. Theories are not Truth but
metaphors to interpret data with. You have to think about your
thinking.
Position
I’m going to have to make my own decisions in an uncertain world
6
with no one to tell me I’m Right.
Position
Make Commitments
7
Position
How many commitments, how deep? How certain, how tentative?
8
I must be wholehearted while tentative, fight for my values yet
Position
respect others, believe my deepest values right yet be ready to
9
learn. I see that I shall be retracing this whole journey over and
over - but I hope, more wisely.
*Excerpted from Perry (1981).

Relativism; agency is experienced as coming from within the
individual. In tracking an individual through these stages, one might expect
to hear statements such as those listed in Table 1 (Perry, 1981).
Perry and his colleagues found no students in the early positions of
Dualism by the end of their freshman year among his subjects at Harvard,
though a few students saw themselves as having entered school the previous
September with this view intact. The first challenges to this position often
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came from peers through, discussions in the dorms or classrooms. Students
were exposed to many new opinions and values. The students Perry worked
with were white, males from Harvard, many of whom came from very
homogeneous home towns and had not been exposed to such a diversity of
viewpoints before entering college. Today, the pre-college experience of many
students might be more cosmopolitan than that of Perry’s subjects with the
profiles of entering students at some institutions showing more mature
epistemologies.

The Work of Belenky, Clinchy, Goldberger, and Tarule

A group of women researchers, Belenky, Clinchy, Goldberger, and
Tarule, had difficulty using Perry’s interview questions and scheme with
college females and women in counseling centers (Belenky, Clinchy,
Goldberger, & Tarule, 1986). They were disturbed that many women seemed
to be woefully behind men in their development when evaluated using
Perry’s scheme. They realized that many women were not so interested in
making hypothetical judgments about others, but instead, told stories about
their experiences. A pattern emerged that showed a seemingly different set
of developmental “positions” for these women.

Though not a unified

developmental theory, Belenky et al added to the understandings of adult
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epistemology and locus of control so powerfully articulated by Perry. In their
words:
While [Perry’s strategy] enabled the researchers to see what
women might have in common with men, it was poorly designed
to uncover those themes that might be more prominent among
women. Our work focuses on what else women might have to
say about the development of their minds and on alternative
routes that are sketchy or missing in Perry’s version (1986, p. 9).

They articulate a number of ways of knowing that are likely genderrelated rather than gender-specific. Belenky et al were hesitant to describe
the positions they described as a developmental stage theory, as they did not
believe that women necessarily followed through them in a particular order.
Many of their epistemological positions are analogous to Perry’s Positions.
Their work describes some general stylistic differences between males and
females, but is not incompatible with the work of Perry.

The Work of Marcia Baxter Magolda

Baxter Magolda created am instrument called the Measure of
Epistemological Reflection, or MER, to assess students’ development along
the Perry scheme. The results of the MER could be applied to the creation of
learning environments that would foster intellectual development (Baxter
Magolda & Porterfield, 1988). For each of the five Perry Positions, Baxter
Magolda describes the reasoning structures that students used in each of six
domains. The six domains are: 1) decision making in an educational context,
2) role of the learner in the learning process, 3) role of the instructor in the
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learning process, 4) role of peers in the learning process, 5) role of evaluation
in the learning process, and 6) nature of knowledge, truth, and reality.
Students’ beliefs in domains one through six are correlated with their
epistemological beliefs. The rating manual for the MER allows researchers
to place individuals into Perry Positions based on student responses to
questions in any of the six domains, though the MER itself asks open-ended
questions in all six domains.
In her later work, Baxter Magolda used a more qualitative approach in
describing students’ developmental position. She used four stages she names
absolute, transitional, independent, and contextual knowing. These stages
correspond to Perry Positions in the following way:
Absolute Knowing
Transitional Knowing
Independent Knowing
Contextual Knowing

corresponds
corresponds
corresponds
corresponds

to
to
to
to

Perry
Perry
Perry
Perry

Positions 1 and 2
Position 3
Position 4
Position 5.

Absolute and transitional knowers have external agency and look to
authorities to tell them what is right. Independent knowers and contextual
knowers have internal agency.
Baxter Magolda found that most incoming freshman at a large public
college in the Midwest were absolute knowers. Such thinking decreased over
the four years of college and was no longer seen in individuals in the year
after college. Transitional knowing rose during the first three years of
college and decreased in the fourth and fifth years. This decrease was
accompanied by a slow increase in the numbers of independent and
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Figure 1: Developmental Position by Academic Year in a Traditional College
Program
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contextual knowers. Contextual knowing, however, was only exhibited in
twelve percent of the study population after the fifth year (first year in
graduate school or on the job). See Figure 1 (Baxter Magolda, 1992).
Baxter Magolda’s work lends support for the compatibility of Perry
and Belenky et al. In a longitudinal study of over 100 college students
starting with their arrival in their freshman year, Baxter Magolda found no
differences in cognitive complexity between male and female students
(Baxter Magolda, 1992). She did, however, find subtle difference in
reasoning patterns between males and females that were reinforced by the
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learning environment of college and that might have accounted for slight
differences once seen as differences in epistemological development.

The Work of Patricia King and Karen Strom Kitchener

Patricia King and Karen Strom Kitchener (1994) argue that the ability
to construct solutions for complex problems that cannot be solved with
certainty (what they call ill-structured problems) is dependent on an
individual’s epistemic assumptions. As one example, an individual who
believes that knowledge is obtained with certainty cannot see that the
parameters of a particular problem are unknowable. She cannot construct a
viable solution based on the weighing of evidence, but instead, look to experts
to tell her what is right.
King and Kitchener devised a stage theory, supported by research with
high school through graduate students, that describes the seven different
approaches to the resolution and defense of ill-structured problems. They
correlated subjects’ beliefs about the nature of knowledge and their methods
of justifying their reasoning to form qualitatively distinct stages of, what
they call, “reflective judgment.” As an example of the relationship between
epistemic assumptions and methods of justification, individuals who believed
that knowledge is uncertain did not weigh evidence, but rather, justified
their thinking based on what “felt right” to them. In other words, if
knowledge is uncertain, any evidence that may exist offers no certainty and
35

can be applied idiosyncratically (King & Kitchener, 1994). This thinking
typifies an individual in stage 4 of the reflective judgment model (see Table

2).
Stages one through five of King and Kitchener’s Reflective Judgment Model
correspond to the first five Perry Positions. King and Kitchener’s theory
articulates further epistemological development characterized by
increasingly complex methods of justifying reasoning about complex
problems. Perry articulates no further development in epistemology after
Position five, where individuals recognize that there is uncertainty inherent
in all knowledge and that what is known is limited by the context (although
he points to individuals’ increasing recognition that one must make
commitments to particular explanations in Positions six through nine)
(Perry, 1970). King and Kitchener describe a sixth stage in epistemic beliefs
whereby an individual understands that solutions to unstructured problems
are constructed by looking for shared meaning across contexts. They describe
a seventh stage characterized by an understanding that one must continually
critique conclusions through a process of inquiry. Individuals in stage seven
see that solutions are hypothetical conjectures that must always be
reevaluated (as opposed to Perry’s idea of committing to a viewpoint). Beliefs
at this stage are evaluated probabilistically (King & Kitchener, 1994).
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Table 2: Stages of Reflective Judgment* *
Reflective Judgment Stage
Stage 1: Knowing limited to single, concrete observations - what a person
sees is what is true.
Stage 2: Two categories of knowing - right /wrong. Good authorities have
knowledge. Bad ones do not.
Stage 3: In some areas, knowledge is certain; authorities have that
knowledge. In other areas, knowledge is temporarily uncertain. Only
personal beliefs can be known.
Stage 4: Concept that knowledge is unknown in several specific cases leads
to the abstract generalization that knowledge is uncertain.
Stage 5: Knowledge is uncertain and must be understood within a context.
Thus justification is context specific.
Stage 6: Knowledge is uncertain but constructed by comparing evidence and
opinion on different sides of an issue or across contexts.
Stage 7: Knowledge is the outcome of a process of inquiry. This view is
equivalent to a general principle that is consistent across domains.
*from Kitchener and Fischer (1990).

Synthesis of Adult Development Stage Theories

The student interviews in this research are coded using a synthesis of
the work of Piagetian scholars described above. The particular coding
scheme is a synthesis of the work of these theorists as synthesized by this
researcher. Table 3 below articulates the scheme. Since it was developed for
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use with first-year college students, it was only necessary to include those
stages that corresponded to stages one through five for Perry, King and
Kitchener, and Baxter Magolda.
The shaded portion of the table represents positions in which
individuals typically have authority-based thinking; the unshaded portion
represents positions of internal agency. Notice that the development of
internal agency coincides with students’ ability to use evidence. Up until
that point, students will look to authorities to tell them what is right or what
“feels right” (when authorities do not know). As transition II and contextual
thinkers, their focus shifts to an understanding of the processes of inquiry
with an appreciation for uncertainty. They can then justify their thinking
based on contextually derived evidence and see themselves as active
participants in scientific thinking.
The authors of these stage theories do not focus on the instructional
practices that can lead to changes in an individual’s thinking.

Their work

presented here describes what is true for an individual at a given time,
rather than hypothesizes mechanisms for change. The work of Russian
sociohistorical psychologists since the 1920’s and their American
counterparts, explicate the mechanisms and instructional interactions that
may lead to changes in mental functioning.
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Table 3: Synthesis of developmental stage theories

The Sociohistorical School of Development.

The schemes described so fsr tske the indi.vidu.cd more into account
than the context in which development occurs. This is in contrast to the
work of the Russian sociohistorical school of psychologists, who beheved that
changes in human consciousness result from socially mediated activity.
Examination of this work helps to clarify the role of instruction in
development.
Even though one of the primary goals of experimental psychology has
always been to describe universal human psychological function, until the
1920’s it had been practiced exclusively as a pure, natural science separate
from human cultural and historical contexts. The sociohistorical school of
psychology emerged in the mid to late 1920’s in Russia out of the recognition
that human psychological functions are culturally mediated, historically
developing, and arise from practical activity (Cole, 1990). According to Luria,
Leontiev, and Vygotsky, human psychology deals with the activity of
individuals operating in the concrete world of objects, tools, and language
that they use to transform their environment. There is an unfolding of
changes in tools and language over time to create the particular culture and
activities of any given time and place (Leontiev, 1930; Luria, 1929; Vygotsky
and Luria, 1930 as cited in Cole, 1990). A look at the historical roots of this
tradition helps to clarify the meaning of “sociohistorical context”.

40

The Work of Lev Semenovich Vygotsky

Vygotsky came to adulthood during the time of the Russian Revolution
and his work was influenced by Marxian theory. Marx and Engels believed
that both the content of human thought and human capacities changed as a
result of the social and historical conditions under which people lived.

That

is to say, for example, that as people used new tools, their understanding of
the scientific principles that govern the use of these tools also changed. Such
tool use led to new modes of communication and cooperation in the
workplace. Vygotsky’s contribution was to specify the social and individual
processes that were involved in the changes in thought processes that occur
over time. He identified psychological tools, which are used as humans
interact with one another, that determine the development of mental
function.

Vygotskian Theory

Though Vygotsky did not make these distinctions in articulating his
theories of adult development, there are three basic themes that run through
his work. They are; 1) development must be considered using genetic
analysis, 2) higher mental functioning derives from social interaction, and 3)
all human activity, whether social or individual, is mediated by psychological
tools or signs (Wertsch, 1991).
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According to Vygotsky, human mental processes can be understood
only by considering how and where they occur in growth (Wertsch, 1985) In
this matter, he and Piaget were in agreement (Wertsch, 1991). Vygotsky
stated that:
We need to concentrate not on the product of development but
on the very process by which higher forms are established. To
encompass in research the process of a given thing’s
development in all its phases and changes - from birth to death
- fundamentally means to discover its nature, its essence, for it
is only in movement that a body shows what it is. (Vygotsky
1978, pp. 64-65)
He believed that any attempts to understand an individual’s mental
functioning based solely on the description of their current abilities (without
explanation of the transitions that occurred) would end in failure and that
new levels of consciousness reflect the factors that have gone into its
development and the transformations it has undergone (Wertsch, 1985).
Vygotsky’s general claim with regard to the role of social interaction in
mental functioning was that one cannot understand the individual without
understanding the social relations in which the individual exists. He saw all
mental functions as having a social origin and stated that:
Any function in the child’s cultural development appears twice,
or on two planes. First it appears on the social plane, and then
on the psychological plane. First it appears between people as
an interpsychological category, and then within the child as an
intrapsychological category. This is equally true with regard to
voluntary attention, logical memory, the formation of concepts,
and the development of volition. (Vygotsky, 1981b, p. 163)
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From this perspective, Vygotsky stated that “humans’ psychological nature
represents the aggregate of internalized social relations that have become
functions for the individual and formed the individual’s structure” (Vygotsky,
1981b, p. 164).
Vygotsky’s claims about the social origins of mental functioning are
most apparent in connection with the zone of proximal development. This
zone is defined as the distance between the child’s “actual developmental
level as determined by independent problem solving” and the higher level of
“potential development as determined through problem solving under adult
guidance or in collaboration with more capable peers” (Vygotsky, 1978, p. 86).
He argued that instruction should be aimed at this potential developmental
level with the idea that the social interactions that occur in this zone as a
result of instruction would have the most positive effect on the individual’s
mental functioning.
Recent interpretations of the zone of proximal development emphasize
that in the zone, teachers do not merely transmit ideas that students cannot
work with on their own. Rather, there is a co-construction of meaning that is
facilitated by a host of classroom activities that require students to be active
participants in their own development (Moll & Whitmore, 1993).
The third theme that runs through Vygotsky’s writings is the claim
that higher mental functioning is mediated by psychological tools or signs.
Semiotic mediation refers to this sign-based mediation. Although he was

43

most concerned with language, Vygotsky named other psychological tools
such as: “various systems for counting; mnemonic techniques; algebraic
symbol systems; works of art; writing; schemes, diagrams, maps, and
mechanical drawings; all sorts of conventional signs” (Vygotsky, 1981a, p.
137).
Vygotsky’s ideas about semiotic mediation underlie the first two claims
of the genetic nature and social origins of mental functioning. According to
Vygotsky, the qualitative and quantitative changes in an individual’s mental
functioning are defined in terms of mediation.

That is, development itself is

defined in terms of the emergence and transformation of the forms of
mediation that an individual uses. Mediation also provides the key to the
social origin of mental function. That is, semiotic mediation is the mechanism
by which social interaction affects higher mental functions. (Wertsch, 1991).
Vygotsky believed that psychological tools alter the entire structure of
mental functioning. And, he said that: “By their nature [signs] are social, not
organic or individual” (1981a, p. 137). They are social in the sense that they
are used interpsychologically and in the sense that they are the product of
sociocultural evolution. These signs, then, transform mental function and
are situated in a particular sociocultural context. (Wertsch, 1991).
The above three claims, taken together, make Vygotsky’s views of
development fundamentally different from those of Piaget and other
developmentalists. According to Vygotskian theorists, mental functioning is
not located in the individual in isolation from other individuals.
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Instead, the

individual is located in a specific sociocultural context, and development
proceeds as a result of the appropriation of mediational means (Leontiev,
1981).

The Role of Schooling in Mental Functioning Vygotskian theorists
have made clear the importance of instruction in the development of mental
function. Good instruction occupies the student with functions that are still
in the process of maturing and may not as get have appeared. Adult
guidance in the zone of proximal development moves the student’s skill
forward. Wood, Bruner, and Ross (1976) introduced the metaphor of
scaffolding as a model for the teacher’s role in student learning in the zone of
proximal development. In building construction, scaffolding provides
support, extends a worker’s reach, allows the worker to accomplish a task not
otherwise possible, and is used selectively. These same qualities can describe
the interactional scaffolding provided by instructors. By holding the task
constant (that is, by not decreasing its difficulty), but simplifying the
learner’s role through selective intervention, the instructor can help the
learner build on previous knowledge, extend skills, and solve a problem that
was out of reach beforehand (Greenfield, 1984; Rogoff & Gardner, 1984).
Until recently, however, Vygotsky’s work has been interpreted as
pointing to the teacher’s responsibility in organizing learning experiences for
students so that they learn scientifically correct concepts.

This narrow

interpretation could easily be applied to a transmissionist approach to
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education and is clearly not in keeping with research on education that
comes out of the constructivist tradition. In the 1980’s and '90’s theorists
and researchers have merged the ideas of the sociohistorical school with
radical constructivism to form a constructivist Vygotskian conception of
teaching and learning (Hatano, 1993). In this perspective, the classroom is
seen as a social arena where learning in any domain is affected: a) by the
social norms, b) by horizontal as well as vertical interactions, c) by the
availability of multiple sources of information, and by d) the active choices
and competencies of the learners (Hatano, 1993). As Minick, Stone, and
Forman state:
...we have begun to move beyond the rather decontextualized,
universalistic representation of social interaction, language, and
cognition ... toward a theory that highlights the rich
interconnections between cultural institutions, social practices,
semiotic mediation, interpersonal relationships, and the
developing mind...(1993, p. 6)
Schooling requires the use of special mediational means such as
writing, numeracy, graphical representations of data, etc. Here, students
interact with one another and with a competent adult to foster the
acquisition of skills that are very often separated from the practical contexts
in which they will be used (Cole, 1990). Schooling would influence the
development of formal operational thinking by exposing students to new
contexts for the application of such reasoned thinking.
The very choices of questions, the signs and systems for study, as well
as the means for examining them affect the content that students can
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master. They also affect students’ capacity to recognize, manipulate, and
participate in the sociocultural system of that domain itself. So, on one level,
for example, students might discuss science; on another level, students are
processing the social norms of the science community. As Davydov and
Radzikhovski (1985) state: "Activity determines the genesis, structure, and
contents of the human mind.”

Chapter Summary
The review of literature presented a way of thinking about science
inquiry education in terms of the developmental tasks of college students. It
was composed of two inter-related sections. The first section gave a
definition and rationale for inquiry-based instruction in introductory college
science courses. The second literature described important theories of adult
development from two different schools - the first was Piagetian stage
theories of development of epistemology, justification, and agency; the
second was Vygotskian theories of social constructivism.
The first literature reviewed gave examples of inquiry-based teaching
as defined in this dissertation. It created a picture of the kinds of thinking
that are required in scientific inquiry, and so, the types of thinking that
students engaged in scientific inquiry might develop. In inquiry-based
instruction, students are involved in answering ill-structured problems that
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are similar to questions that scientists are engaged in answering. Students
in an inquiry classroom interact with: a) questions that involve true
uncertainty; b) the tools of scientific inquiry, including lab and field
instruments and primary literature; and c) the methods of scientific inquiry,
including hypothesis generation, predicting, analyzing data, and making
generalizations.

In so doing, students learn the structure of the discipline

rather than a series of seemingly unrelated facts. This section on science
inquiry teaching and learning also describe the different instructional
strategies that science educators use in offering inquiry-based courses, from
highly structured problem-based learning and case studies to more organic
engagement in developing and answering authentic questions of student
selection and design.
The second section of the literature described the developmental
literature of significance to the study. It, itself, was broken into two parts.
The first part explored the work of Piagetian stage theorists on epistemology,
agency, and justification in college students. The second section explicated
the sociohistorical view of cognitive development. The two literatures, when
taken together provided a rich portrait of college student development. The
stage theorists elucidated the direction of change in college student thinking
from lesser to greater comfort with uncertainty and a concomitant
understanding of and ability to use evidence in making decisions.
Vygotskian social constructivists described the ways that students interact
with their peers, instructors, and the tools of science in making the
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developmental strides described in the stage theory literature. In their view,
students interact with adults and competent peers to construct their own
meaning, the context and structure of which are directly affected by the
kinds of psychological tools (such as language, numeracy, and other
qualitative and quantitative representations) students use. In the
Vygotskian approach to social constructivism, the environment that
instructors create for learning has an enormous impact on student
development.
The social constructivist theory gives, in itself, a strong argument for
inquiry-based instruction. By being engaged in authentic scientific inquiry,
this theory holds that students learn the structures of the scientific discipline
and discourse community, the methods of working, and the type of analysis
used by scientists. Students would then be more able to make judgments
about complex scientific problems they encounter in their fives tfian they
would if their learning were in exclusively content-based science courses.
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CHAPTER 3
RESEARCH DESIGN AND METHODS

This chapter is broken into the following sections and subsections:
Section I. Grounding of the Study: a) locales of the study, b) context of the
study, c) overview of data to be collected, d) study populations, e) selection of
courses and students, f) confidentiality, g) pilot testing of instruments, and h)
minimizing bias in qualitative data analysis; Section II. Development of Data
Collection Instruments: a) development of quantitative instruments, and b)
development of semi-structured interviews; Section III. Design for Each
Research Question: a) Part A, b) Part B, questions 1-3; and Section IV. Data
Analysis.

Grounding: of the Study

Locales of the Study
The research for this study was performed at two liberal arts colleges
in the northeastern U. S. The colleges have similar missions of preparing
students to think for themselves and to understand their own capabilities
and responsibilities for action in relevant careers. They both foster close
faculty and student collaboration.
“Women’s College” is an older institution with a strong sense of history
and accomplishments for women. It enrolls approximately 2000 students
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about 17% of whom are African American, Asian American, Latina, and
Native American; 10% are international students. Women’s college has a
10:1 student-to-faculty ratio. Nearly 60% of the graduates of Women’s
College go on to graduate programs within 5 years of graduating.
Alternative College” is just over 25 years old and prides itself in
allowing students to tailor their programs of study to allow for inquiry into
topics of individual importance. It enrolls approximately 1200 students,
about 12% of whom are students of color. Four percent are international
students. The college has a student-to-faculty ratio of about 12:1. About 56%
of the alumnae of Alternative College complete graduate degrees.

Context of the Study
This research was conducted in eighteen introductory science courses
at the 2, four-year colleges described above. The courses selected covered the
range of teaching goals and strategies for first-year courses at the 2
institutions. The courses at Alternative College represented 3 different
course structures: 1) laboratory-based research (called Human Anthropology,
herein), 2) field-based research (called Field Geology), 3) library-based
research (called Human Biology, and Darwin). The courses at Women’s
College included a 100-level introductory biology course for science majors
(called Majors’ Biology, herein), a 100-level introductory biology course for
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non-science majors (called Non-Majors’ Biology), and an interdisciplinary
science course for non-majors (called Interdisciplinary Science).
This study took place in the context of a larger evaluation and
research effort at Alternative College, the data collection for which began on
September 8, 1998. The evaluation component of the study was designed to
examine the degree to which students make progress with regard to
Alternative College faculty goals for first year students (that students engage
in inquiry, have a sense of ownership of their work, understand the process
of scientific inquiry, see science as connected to other fields of study, and
improve their quantitative and verbal skills). The research component of the
larger study strives to understand the inquiry-oriented classroom.
As a result of the study’s relationship to the larger projects, there were
some minor cases where the researcher drew upon data collected by other
researchers. All members of the research team met periodically to discuss
the progress of the study and to make certain that they were all keeping in
mind the varied purposes of the research.

Overview of Data Collected
Two pencil and paper surveys were given to all first-year students
taking introductory natural science courses at Alternative College and all
students taking introductory courses through the Biology Department and
through Interdisciplinary Science at Women’s College: 1) The Science
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Questionnaire, designed to determine students’ beliefs and attitudes about
science was administered pre- and post-course, and 2) The Student Learning
Assessment, which asks students to self-report the gains they have made as a
result of the course, was given only at the end of the semester.
At Alternative College, the pre-semester paper and pencil surveys
were administered at orientation in an entering class meeting. At Women’s
College students filled these surveys in during one of their first class
sessions. Students in both institutions were asked to take post-semester
surveys in their last or penultimate class session. Sixty-four students at
Alternative College, from 15 different first-year courses, completed both preand post-semester Science Questionnaires. One hundred thirty two students
from Women’s College completed both pre- and post-semester Science
Questionnaires. These students from Women’s College were in Majors’
Biology and Interdisciplinary Science.
Miscommunication with the professor in Non-Majors’ Biology resulted
in only a handful of students present at the last class meeting. This could
not be seen as a representative sample of the class and Science
Questionnaires from Non-Majors’ Biology were not used. This resulted in a
significant population of students’ from Women’s College being
unrepresented in the Science Questionnaire results and brings its usefulness
into question.
Since the courses vary so greatly in size, different numbers of
individuals were selected for pre- and post-semester, semi-structured,
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individual interviews from the different courses. Three students were
selected for interviews from each of 4 courses at Alternative College (for a
total of 12 students from Alternative College). Four students from NonMajors’ Biology and 8 students from Majors’ Biology were selected for
interviews. Only 7 of the Majors’ Biology students completed the second
interview (for a total of 11 Biology students at Women’s College). Four
students from Interdisciplinary Science were also interviewed (for a total of
15 Women’s College students interviewed). The interviews were designed to
obtain rich details of students’ experiences that might account for any
perceived changes in epistemology, justification, or agency.
The researcher along with colleagues working on related NSF grants
at Alternative College performed classroom observations. Each class was
observed at least 3 times, some were observed much more than this. For
example, 3 different faculty members taught Majors’ Biology with each
faculty member observed for 3 class periods, for a total of 9 observations in
the course. For each of the observations, the observer noted the structure of
the class, the kinds of activities in which the students and faculty were
engaged, the extent to which the focus was on subject matter content or
engaging students in inquiry (either by posing questions, hypothesizing,
designing experiments, analyzing data, or drawing conclusions.
Instructors for each of the courses at Women’s College were
interviewed about their goals for the course and the tactics they use in
meeting them. Faculty were asked to provide specific examples of the ways
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they have implemented various aspects of inquiry-based teaching and
learning in the classroom. See Appendix C for Faculty Interview Schedule.
Faculty at Alternative College were not interviewed about their goals for this
research project. The faculty in Natural Science at Alternative College had
just undergone a two-year process of defining their goals for first-year
students. They produced a list of five goals for first-year students that are
listed in Appendix D along with goals from Women’s College faculty derived
from interviews.

Populations
At both colleges, students involved in this study were first-year, non¬
transfer students in their first semester of introductory science courses.

Selection of students
The students selected for interviews were chosen from those on an
early course list (compiled after 1 week of classes). No transfer students were
interviewed. Students were chosen randomly at Women’s College. At
Alternative College, they were chosen randomly from fists of male and female
students so as to obtain the greatest gender balance possible.

Confidentiality
Strict confidentiality was maintained in this study. The last 6 digits of
students’ social security numbers identified all pencil and paper instruments.
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Students could not be identified by this code, but this number was used to
match pre- and post-course surveys.
Interviews were conducted using only the students’ first names. In
this way, anyone involved in transcribing audiotapes of the interviews did
not know students’ full names. No quotes are attributed to specific students
in this dissertation or in any evaluation reports or publications.
All participants were advised of the voluntary nature of participation,
the lack of consequences should they choose to withdraw, and the uses and
purposes of the data collected. See student and faculty consent forms for
interviewees in Appendix F.

Pilot testing of instruments
Interview questions were piloted over a two-year period as part of a
larger evaluation process at Alternative College. Initial questions were
asked of 6 students at the end of the fall semester, 1996. Refined questions
were asked of students pre- and post- semester in the spring of 1997.
Questions were further edited and piloted on students at the beginning and
end of the fall semester, 1997.
Student Learning Assessments and Science Questionnaires were
piloted in the spring of 1998 in a class of 29 students at Alternative College
and a class of 21 students at Women’s College.
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Although the pilot studies were extremely helpful in allowing the
researcher to find ways of analyzing data for developmental components, the
data from these studies are not a part of these dissertation data. The
versions of these instruments used in this study can be found in Appendix B.

Minimizing bias in qualitative data analysis
Interviews were conducted and coded by this researcher, making blind
coding impossible as the researcher had vivid memories of the interviews and
subjects even without the use of names in interview transcripts. There were
two main ways the researcher worked to minimize bias in coding. The first
was to have a second person check her coding. Dr. Maurianne Adams, an
instructor in the former Human Development program in the University of
Massachusetts’ School of Education checked the researcher’s first round of
coding. The second method for reducing bias was to code the interviews in
iterative cycles of coding, checking, and recoding. In this process, the
researcher coded back and forth between interviews of students from
Women’s College and Alternative College and checked coded segments from
one student against those of students with similar stances. The researcher
also cycled through to recode interviews coded earlier in the process in case
her criteria had changed over time.
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D_eyelopment of Data Collection Instruments

Development of Quantitative Instruments
All questions for the Science Questionnaire and the Student Learning
Assessment Survey were written by the researcher with input and feedback
from members of the evaluation team at Alternative College funded by grants
from HHMI and the NSF.
The Science Questionnaire and the Student Self-Assessment were
analyzed by statistical comparison of Likert-scale answers.
Questions were crafted in the Science Questionnaire to be balanced
between negatively and positively structured (that is, whether agreeing or
disagreeing constitutes the more complex thinking). Questions that are
negatively structured do not necessarily contain the words “no” or “not.” In
addition, care was taken to avoid use of words such as “never” and “always.”

Development of Semi-Structured Interviews of Students
The interviews are called “semi-structured” because the researcher
followed the same questions for all students pre- and post-semester, but
asked additional questions if student responses were unclear or if more depth
was needed. With the exception of the questions described below, interview
questions have been developed by the researcher in conjunction with Dr.
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Maurianne Adams, a committee member and valued mentor of this
researcher. The interview schedules can be found in Appendix A.
Question #7 in the interview schedule was taken from the work of
Belenky, Clinchy, Goldberger, and Tarule from their 1986 work on “Women’s
Ways of Knowing.” This question helped the researcher to determine the
students’ epistemological position.
Questions #8 and 9 were taken from King and Kitchener’s Reflective
Judgment Interview (King & Kitchener 1994, pp. 260 and 262, respectively).
Like question #7, these questions helped determine epistemic assumptions.
They also required students to discuss their methods of making judgments
about ill-structured problems. All three questions have proven invaluable to
the researcher who is indebted to the work of the cited individuals.

Development of Faculty Interview Schedule
The researcher developed the faculty interview schedule. The interview
was designed to determine professors’ goals for their courses and their
instructional methods for achieving their goals. The interview questions ask
faculty to explain the importance that they place on students’ engagement
with different ideas about science and with different portions of the cycle of
scientific inquiry.
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Design for Each Research Question
The use of the d&ts collection instruments will be discussed here in
relation to the research questions they help answer.
Part I: The Courses
This portion of the research focuses on the degree to which students
are involved in scientific inquiry and to which they are engaged in the
solving of ill-structured problems.
The course descriptions include evidence from observations of classes,
faculty goals and descriptions of their courses, and students’ reports in
interviews about their experiences in the courses. The descriptions include
general instructional methods, as well as evidence of identifiable ingredients
of inquiry-based teaching and learning. These include evidence that
instructors and/or students engage in the following:
a)
b)
c)
d)
e)
f)
g)

designing researchable questions about ill-structured problems;
hypothesizing;
gathering data;
finding and organizing primary literature;
critiquing results and conclusions;
presenting and analyzing data (including weighing evidence);
communicating in science (writing and presenting);

Although no one course could be called exclusively inquiry-based or
exclusively traditional, those courses which demonstrated greater evidence of
students and instructors engaged in the above activities were described as
more inquiry-based. Those that showed fewer instances of such activities
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were described as more traditional. It should be noted that more traditional
courses can still use Tiands-on instructional strategies, meaning students
are actively “doing” something. In these cases, students can be learning
field-specific skills or answering questions whose answers are known with a
high degree of certainty.

Part II: The Students
This section describes the design for the 3 research questions that deal
with students’ epistemic assumptions, methods of justifying decisions about
ill-structured problems, and agency. For each question, the instruments,
specific questions, and meaning of direction of change are detailed.
In theory, questions 1 and 2 can be considered separately. They are
described separately here for clarity of the reasoning used in analysis.
During the data analysis, however, it became clear that the two are very
closely linked and separating them did not prove useful.

Students’ methods

of justifying their decisions were connected to their epistemic assumptions.
For example, in describing their decision-making on an issue, students often
discussed the reasons that scientists disagree. In Chapter 4, these first two
questions will be discussed as a unit.
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1*

THE CHANGES IN STUDENTS’ EPISTEMIC ASSUMPTIONS DIFFERENT WHEN
SCIENCE LEARNING IS MORE INQUIRY-BASED RATHER THAN MORE
TRADITIONAL OR CONTENT-BASED?

The interviews were heavily weighted towards the exploration of students’
epistemic assumptions (numbers 4, 5, 6, 7, 8, and 9). Questions 7, 8, and 9
specifically asked for students’ understanding of the nature of scientific
knowledge. Questions 4, 5, and 6 addressed students’ perceptions of their
roles as learners and the roles of instructors and peers in their learning.
These domains of development have been shown to be closely correlated to
epistemology (Baxter Magolda, 1992) and in some, but not all cases, student
responses to these questions yielded important information on their
epistemic assumptions.
The researcher assessed students’ epistemological position by comparing
their answers on interview questions to the developmental stages described
in Appendix E. For example, students who believed that some things in
science are known with certainty and other things are unknown for now (but
will soon be discovered) were scored as Transition 1 Thinking. The
particular student quote would be assigned a score of 3. All quotes for the
same student were scored and averaged to obtain one score for the student.
A student with an average score of 3.7 would fall into an epistemological
stage subordinate to that of a student whose average score reflected a belief
that knowledge is limited by the perspective of the knower and by the context
in which it was created (average score about 5). Average scores for students
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were compared pre and post-semester by two-tailed t-tests to determine
significance of difference.
The science questionnaire contained 8 items that directly addressed
epistemic assumptions about science knowledge (numbers 3, 11, 16, 19, 21,
26, 28, and 33). Survey analysis was done in Microsoft Excel97®. Means for
each survey item were calculated, by college, for both pre- and post-semester
surveys. The numerical average corresponded to the degree to which
students agreed or disagreed with any one item. Pre-post scores were
compared using t-tests to see if there was statistically significant change in
either group. Pre-post differences were calculated for each student by
question. Mean pre-post differences by college were calculated and compared
via t-tests for between group differences.
For all 8 of the epistemology questions on the Science Questionnaire,
student maturation would be expected to result in stronger disagreement
with the statement. This is less than ideal, as it can bias results if students
either learned that questions were ‘looking for” disagreement, or if students
tended to choose particular numbers on the Likert-scale instrument. It is
difficult to write a Likert-scale item on epistemology in the affirmative. This
is, perhaps, evidence that epistemology is not measured well by this method.
The data for these questions were reversed so that higher numbers meant
improvement and these responses could be compared more easily with
questions for which improvement meant greater agreement with the
statements.
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Likert-scale questions could not be used to place students in particular
epistemological stages. Students could agree or disagree with a particular
question for different reasons not revealed by a simple Likert-scale item.
Question 19 (“since nothing in science is known for certain, all theories are
equally valid”) affords a good example. Students who believed that scientific
knowledge is certain (dualism, modified dualism, and transition 1 thinking)
would disagree with the statement, as they would take exception to the idea
that nothing is known for certain. Students in transition II thinking (the
transition to contextual thinking) or in contextual thinking would also
disagree because they would understand that some ideas in science are better
supported than others. They would disagree with the idea that all teories are
equally valid. So, question 19 is only useful in looking for evidence of
multiplistic thinking, as only multiplistic thinkers would agree with both
parts of the statement. It is for reasons such as this one that interview
responses alone were used in correlating students to a particular
developmental stage.

2.

Are the changes in students’ methods of justifying decisions about
ILL-STRUCTURED PROBLEMS DIFFERENT WHEN SCIENCE LEARNING IS MORE
INQUIRY-BASED RATHER THAN MORE TRADITIONAL OR CONTENT-BASED?

This question was addressed by using items in both written instruments
and the interviews. Questions 8 and 9 in the interview (see Appendix A)
asked students for the kinds of evidence they use in supporting their point of
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view in truly problematic situations. Student responses, as in the
epistemology section above, were coded using the table in Appendix E.
Since method of justifying decisions is often tied to epistemology, these
responses were averaged into students’ epistemological stance in calculating
students’ developmental level with regard to epistemology and justification.
Doing so had the added benefit of increasing the number of coded responses
analyzed as a unit, improving the researcher’s confidence in statistical
comparisons.
The Science Questionnaire contained one question (number 7) that
directly addressed methods of justifying decisions (“when scientific results
conflict with my personal experience, I follow my experience in making
choices”). Greater disagreement with the statement demonstrates students’
improvement on this item. Data for the item were also reversed for ease of
comparison with other survey items. This question was analyzed in the same
way that Science Questionnaire items on epistemology were analyzed (see
above). Again, students can agree or disagree with a Likert-scale question
for different reasons. Interview data yielded more reliable information in
assessing students’ methods of justifying decisions.
Items 5, 11, 16, and 20 on the Student Learning Assessment Survey
asked students if they had made gains in making judgments, arguments, and
using supporting evidence in science. The greater students perceptions of
their improvement, the higher their response score.
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3. Are the changes in students’ sense of agency with regard to science
DIFFERENT WHEN SCIENCE LEARNING IS MORE INQUIRY-BASED RATHER THAN
MORE TRADITIONAL OR CONTENT-BASED?

All instruments addressed a student’s sense of agency. The Science
Questionnaire has 8 items used to get a sense of the degree to which
individuals see themselves as exerting power or control in creating scientific
meaning or of being in control of their learning in science (numbers 1, 2, 20,
22, 23, 25, 26, and 31). The expected direction for change should students
develop a stronger internal agency is as follows:
Greater agreement shows more

Greater disagreement shows more

evidence of AGENCY

evidence of AUTHORITY-BASED

thinking
1,2,20,22,31

23,25,26

The Student Learning Assessment Survey in general showed students’
confidence that they can do a number of different things in their science
courses. Comparing overall sense of improvement in each of these skills and
understandings from their science courses gave an overall picture of
students’ confidence. Average student responses to particular items were
compared for students in different programs and courses using t-tests.
In the interviews, question 6 asked students to compare their ability to
contribute in science classes with their ability to contribute in humanities
classes. Although this question often yielded more fruitful information on
students’ epistemic assumptions in science versus the humanities, it was at
times telling of students’ agency in science. Question 5, which asked
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students to discuss favored teaching/learning methods, also gave students
the opportunity to talk about their sense of power in creating scientific
knowledge. Other questions that asked students to explain who they look to
in making scientific judgments (7, 8, and 9) were at times helpful in
determining the degree to which students trusted their own ability to justify
their decisions, as opposed to looking externally for authority-based answers.
A general picture of the degree to which students saw themselves as
able to participate in science, as having produced work over which they have
ownership, and as having improved in certain skills and understandings
emerged from these data.

Chapter Summary
Data required for describing the courses studied in this dissertation
were obtained by interviewing faculty and students, observing classes, and
examining written goals of faculty for their students. Data needed to answer
the three research questions on student development were collected via semistructured interviews and Likert-scale surveys. Students at both institutions
were given pre- and post- semester Science Questionnaires that asked 35
Likert-scale questions on attitudes and beliefs about science. These students
were also asked to complete a 20-item, post-semester Likert-scale self-
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assessment. A smaller sample of 12 students in Alternative College and 15
students at Women’s college were interviewed.
Since this research took place in the context of a larger evaluation
effort at the two institutions, some of the questions asked in the surveys were
not used in answering the research questions for this dissertation. By the
same token, the researcher had the consent and support of other evaluation
team members for adding questions of importance to this work to
instruments used for the larger evaluation effort.
The data collected are analyzed and major findings described in the
following chapter.
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CHAPTER 4
DATA ANALYSIS AND FINDINGS

The presentation of data is separated into two parts. Part I is the
description of the course curricula. Part II is a description of the
developmental maturity and agency of the students in the different programs
with regards to science. It begins with a brief comparison of the student
populations as uncovered by surveys and interviews at the start of the
semester before addressing each question in turn.

Part I - The Courses

Descriptions of Courses
It is important to first note a big difference between the institutions.
At Alternative College, students do not receive grades or have grade point
averages. Instead, they receive narrative evaluations from each course.
Classes rarely use conventional testing. Most courses culminate in a paper
(based either on literature, laboratory, or field research). Some courses do
use quizzes for some of the course content, and while they are not graded,
student preparedness can be used in the overall student evaluation. At
Women’s College, students are graded using the traditional letter-grade
system. Student evaluation is based almost entirely on course exams and lab
reports, though successful fulfillment of some of the introductory science
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courses studied here did require the completion of some smaller papers and
presentations.

Faculty Goals and Course Descriptions
The goals of the four courses at Alternative College are not simply, or
even primarily, to teach scientific content, but to use scientific content to
teach students how to think like scientists, including (but not limited to) how
to understand the role of uncertainty, how to evaluate competing claims, how
to read and interpret scientific writing, and how to design and carry out
scientific work. The Natural Science faculty at Alternative College spent two
years articulating five goals for first-year students. Their five goals for all
introductory courses are that students:
1) Ask their own questions and engage in scientific inquiry to answer
them,
2) Understand scientific inquiry as a process of making, testing, and
re-testing hypotheses,
3) Understand that science is done in a particular social, political, and
historical context,
4) Understand the use of quantitative data in scientific analysis and
improve their skill in the use of such data,
5) Verbally critique scientific ideas and articulate scientific ideas
orally and in writing.

Each faculty member emphasized different goals depending on their
personal taste and on their subject-specific objectives for students. No
faculty disagreed with any of the goals or found them to be unimportant.
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An expanded version of the Alternative College first-year goals appears in
Appendix D.
Faculty Goals at Women’s College are more closely linked to the
specific course. Individual courses and instructors had their own goals (see
Appendix D). Some of their minor goals overlapped somewhat with the
major goals of Alternative College’s first-year courses. For example, the two
biology courses at Women’s College had minor assignments that asked
students to substantiate a position using evidence (perhaps, though not
necessarily, from the primary literature). The Women’s College courses,
however, were not inquiry-based and had learning science content as at least
one of their major goals. All three courses also had as a goal helping
students understand a particular approach to viewing science through
lecture and lab experiences. For example, Non-Major’s Biology used research
examples to demonstrate a reductionist approach to biology (examining
pertinent data from the sub-cellular to organismal levels); Major’s Biology
used the same question in biology (“What is an organism?”) to teach students
how biologists from different sub-disciplines approach this question, drawing
connections among these different perspectives in order to present a coherent
view of the study of biology; Interdisciplinary Science chose a theme (color
and light) and explored it from physical and biological perspectives in order
to see the unity among the branches of science. The two non-majors courses
(Non-Major’s Biology and Interdisciplinary Science) also hoped to increase
student comfort with science and show that it is relevant to their fives. They
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used examples from everyday occurrences in light and color
(Interdisciplinary Science) and the biology of women (Non-Majors’ Biology).

Researcher Course Descriptions from Observations and Interviews

Alternative College

Human Anthropology In this course, students learned the names and
locations of bones in the human skeletal system, examined human remains,
and completed a laboratory-based or literature-based project on an openended question of their choice (prompted by examination of remains from an
archeological site). Students read a good deal of primary literature for this
course.
The first part of the course focused on learning the human skeletal
system. There were lectures and laboratory exercises designed to help
students learn basic anatomy. Students could work alone or with peers.
Lectures were interactive with both students and the professor asking
questions, often of application. Some students used skeletons and bones
around the classroom as models during the lectures themselves. Students
were quizzed on the human skeleton.
The second part of the course involved honing questions for
independent study. Students read primary literature and class discussion,
often in small groups, was used to help students make sense of the literature,
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refine their own questions, and critique the work of scientists in the field.
The professor also spoke about her own work. There was much discussion of
the ethics of working with human remains, particularly from indigenous
peoples. The professor stressed the ways in which the particular population
of study and the perspectives of the researcher affected research results and
conclusions.
Some class sessions revolved around learning to use different tools in
their research. For example in one session the researcher observed, students
were learning to use a spreadsheet program to manage data and run
statistical tests on their data. Other class sessions focused on strategies for
interpreting primary articles.
Students developed their own questions for research. They presented
their questions and proposed methods of answering them to the class. They
received feedback from the instructor and their peers. Some examples of the
feedback were to narrow their focus to researchable questions or to base their
questions in what they already knew from the literature.

At times the class

shifted from giving feedback to brainstorming particular avenues for study or
resources to use. Most students completed literature-based research. A few
did laboratory research using a set of human remains sent to the college from
an archeologist in eastern Europe - a set of bones not yet studied by
anthropologists. Upon completion of their projects, students presented their
findings to the class.
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Field Geology In this course, the professor provided opportunities for
students to become engaged in science in real world situations, using
authentic instrumentation and working together on open-ended questions in
field research. Primary literature was not central to the class although for
the final report, several students were asked to work on a literature review.
The initial teaching approach was a lecture/discussion format centered
on projected slides of geologic formations. The lecture portion was shorter
than class discussion portions of the class period. It involved a series of
stories into which were woven content, theories, and questions. Students
were encouraged to hone their observation skills, develop good questions, and
suggest their own hypotheses about the forces that led to the specific
formations. The instructor stressed that science is not a static list of facts,
but rather a rich, changing body of understanding waiting to be discovered
and challenged. Students were encouraged to participate and their answers
were accepted as possible explanations, though the students were asked to
defend their line of reasoning. He used such comments as, ’’Just throw out
some ideas and lets not judge them now.” Additionally, the instructor made
comments about his own uncertainty and the ambiguity of science, modeled
hypothesizing and supporting hypotheses through observations, and used
open ended questions to encourage students to think deeper and explain
further.
In later classes, students applied this thinking to their field
experiences on the Connecticut River. They were exposed to authentic
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instrumentation that they used in the field. This led to data collection and
analysis, and critiquing of the conclusions of their peers. Much of the work
was done collectively. That is, student groups collected data and shared it
with the whole class so that larger data sets could be developed.
After the River project, where initial skill development was stressed,
the class took a field trip to the ocean. There they studied marshland and a
creek outlet. They used instrumentation previously learned and began to
collect larger sets of data by working in cooperative groups. These groups
persisted back in the classroom where students spent several weeks
analyzing data, learning to use programs such as Excel, graphically
representing data, and writing final reports. The object of the combined
study was to develop a report that could be sent to the Town of Dennis that
was deciding whether to change the flow from Sesuit Creek. Therefore,
students were conducting authentic scientific studies that had real life
application.

Darwinian Evolution The first part of the course consisted of tutorialbased lecture. The final part of the course consisted solely of student
research presentations. There was no lab or small-group work during class.
At the start of each class, the instructor elicited a list of questions students
had from their reading; when students ran out of questions or comments, the
lecture ended.

Students also brought questions about their own, specific,

research to the professor’s office hours. These office visits were devoted to
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the instructor modeling how to locate resources related to a topic and
encouraging students to develop these skills for investigating future
interests.
As part of the process of fleshing out theoretical arguments, he
frequently presented information or a question (e.g. “what do genes do?”), he
often modeled scientific reasoning (e.g. he sketched research designs for
testing theoretical arguments under discussion) and he sometimes engaged
students in answering informational questions or in speculating (e.g. “if tooth
size and diet change, do you think stomach changes in size and shape?”).

He

sometimes presented his own arguments along with the arguments of other
scientists. He stressed that disproving arguments - including his own - is
what science is about.

The instructor periodically stressed his view of the

nature of science (e.g. “science is about questioning, competing hypotheses,
being creative - like art”; “science is about revolutions”) and the interplay
between science and sociocultural phenomena. He consistently and explicitly
portrayed science as a process that involves disagreement, theory-evidence
interplay and uncertainty.
This course was predominantly literature oriented. The first class
focused almost exclusively on encouraging students to develop good habits for
reading and for writing research papers. The instructor continually
emphasized the importance of these skills in class and during office visits.
The tutorial lectures seemed primarily devoted to helping students organize
their readings into a rough cognitive map of concepts, hypotheses,
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methodologies and issues related to two contemporary theories of human
evolution. Students identified a question of interest and produced a paper
based on literature-based research. The final class sessions were student
presentations of their own work.

Human Biology The course is team taught by two Alternative College
faculty using a case studies approach. Students work in small groups of
approximately 5 students to solve a series of medical cases. Students are
assigned roles such as facilitator, recorder, and critic. They use medical
reference books and primary literature in solving their cases. Assignments
included such things as making research notes, preparing summaries of
primary literature, and finding answers to study questions from their
textbooks.
Class sessions often started with a discussion of the next week’s
assignment and requests for feedback from students. This part of the class
often elicited written or oral responses from the students on group process
(e.g. how the roles were working), library searches, writing, or other class
assignments. Then the professors typically provided students options for
work and guidelines for effective group discussion (e.g. “Make your voice
clear. Use the word T, or find information that will help you eliminate some
of your hypotheses”). At times, the faculty presented background necessary
for completing individual or group work. For example, on one occasion they
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presented strategies for understanding complex scientific terms in 3. primary
research article.
After this feedback and guidance, students moved into their
established case study groups. Members of the groups reviewed their notes,
engaged in discussion and began to seek clarification from their group
members and the instructors (who circulated among the groups). Instructors
assisted student in refining their questions and eliminating hypotheses. At
the end of the class, students assigned each other tasks to complete for
homework.
Instructors did a great deal of questioning students as a way to
stimulate student investigation into a topic. In the first half of the semester,
the instructors’ intervention with the case was limited to prodding group
members with provocative questions as they circulated about the room. In
the second half of the semester, however, case studies included written “cues”
such as, “what do you know, what do you suspect, what more do you need to
know to eliminate some diagnoses and confirm others?”

These cues had

been mentioned repeatedly in the first half of the semester, but they had
never been written down with the case like this before.
Students spent a good deal of time hypothesizing and sketching
research designs as well as explicitly practicing group skills (those that
promote communication and research). Students also completed individual
library research projects on a topic of their choice. These choices generally
grew out of interests spurred by the cases or by students’ family medical
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histories. Papers were presented in a symposium during the final class
sessions.

Women’s College

Majors’ Biology This course met three times each week for lecture and
one time each week for laboratory. The lecture was broken into three
sections. Each section was taught by a different faculty member asking the
question “What does it mean to be a living organism?” from the perspectives
of their sub-disciplines - mammalian reproduction, plant biology, and animal
evolution. Students rotated through the three sections, each group of
students taking each of the three sections in a different order. All three
sections used a lecture format accompanied by a weekly laboratory section.
There was variety in the degree of student participation in the lecture
sections and in the extent to which students were engaged in answering
open-ended questions among the sections.
The plant biology section was content rich in the lecture, with the
professor asking a series of questions to elicit the facts from the reading or
students’ ideas of factors involved in plant growth, function, or reproduction.
During the observed classes, topic headings were written on the board and
the instructor elicited student responses to questions at a fast pace, with very
little wait time. Student or teacher responses were written on the board in
outline form, with students copying the outline into their notebooks. Student
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and faculty reports describe one laboratory assignment where students
designed an experiment, using particular equipment and procedures, to
answer questions of students’ own design. Students worked in small groups
to design the experiment, propose a hypothesis, carry it out (in one lab
period), and present their findings to their lab section.
The mammalian reproduction section was also content rich. Lectures
gave interesting views of mammalian systems by building evidence from
specific research findings. The professor generally asked an overarching
question and then presented material in a bottom-up fashion (often from
evidence on the cellular level to implications at the organismal level). The
professor modeled the presentation of scientific argument. New research was
discussed with conclusions presented as being known with a high degree of
certainty.
The animal evolution section was presented as a series of very
engaging stories about specific organisms’ anatomy, physiology, and behavior
and pieced together to give a picture of animal evolution. The lecture focused
around interesting questions and the professor’s proposing of examples and
possible answers to the larger questions. There was not a strict outline of
factual information presented as in the other two sections. Students were
encouraged to ask and answer questions in lecture. Observed discussions
were short (5 minutes or under) and were generally kept to questions that
the professor answered with a high degree of certainty. Comments beyond
the scope of the lecture were cut off. The professor did, however, present
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science as a process and stressed that our conceptions of how animals evolved
was changing with the introduction of new evidence.
From faculty and student reports, it was clear that students were
engaged in two less traditional assignments for the animal evolution section.
One was the reading and update of a survey article on cephalopod evolution
(Packard, 1972). Students read the article and chose one aspect of
cephalopod evolution discussed in the article to update, perhaps, using
primary literature. The other assignment was the development of a
biomechanics lab where students developed an experiment, again using
specific equipment and methods, to answer a question of their own design on
stress and muscle function in squid.
Overall, the course was quite content-based. The experimental design
and the Packard paper assignments made up a small portion of the course
and an even smaller portion of student grades, yet they did involve students
in answering open-ended questions.

Non-Maiors’ Biology This course was met three times each week for
lecture and one time each week for laboratory. The lecture was primarily
content-based following the outline of the textbook. Students took notes from
a well-structured lecture. The professor used many examples of the biology
of women and students had many questions. The professor answered the
questions using examples from current research, often stressing that there is
new research in the field. If he did not know the answer, he said he would
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look into it. He returned the next class period with an answer that was given
as known with a fair degree of certainty.
The professor used his own research on circadian rhythms as an
example of the kinds of questions scientists ask and their methods for
studying them.
There were two assignments that engaged students in answering
open-ended questions. One was small group reports on issues in biology.
Class sessions often ended with small group presentations of their research
on issues such as Alzheimer’s, depression, breast health, and biological
warfare. Student reports were approximately 5 minutes in length and varied
in the degree of controversy or current research questions they presented, as
opposed to factual information presented as known with certainty.
The second assignment that potentially engaged students in inquiry
was the reading and response to popular science books written for the lay
person. Students were asked to read one book and write a paper where,
among other things, they had to support or refute an idea in the book. Some
students used primary literature for this assignment; others did not.
Overall, the course was content-based with the major portion of grades
coming from exams on text and lecture and from laboratory reports with
well-structured questions. There was engagement with open-ended
questions of on assignments of lesser importance to successful completion of
the course.
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Interdisciplinary Science This course met twice each week in a large
lecture, one time each week in a smaller discussion section, and one time
each week in a laboratory section. There were 3 faculty members who co¬
taught the course. Each one was responsible for leading one of the smaller
discussion sections. The lecture was primarily content-based with some
interaction. That is, students were encouraged to ask and answer questions.
On one occasion, the researcher observed the use of a worksheet in lecture
where students were asked to answer some questions on their own before the
professor gave the answers. Although the worksheet contained a potentially
confusing set of questions on wave patterns that was worthy of student
engagement, the questions were well-structured with one stated right
answer. The professor went over the correct execution of the questions on the
worksheet and allowed student questions or comments.
Lectures covered the physics of light and the biological use of light
energy. They often recreated the historical unfolding of current theories or
built an understanding of how processes (such as photosynthesis) worked
using research examples. They were clearly structured, giving an overview
of the question addressed and then the logical argument. Students took
notes during lecture.
This course was a reformed curriculum course, the emphasis of which,
was not inquiry, but rather on having students understand the interrelations
among the different branches of science. There was one assignment that
could be classified as inquiry-based where students were asked to design and
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implement an experiment on photosynthesis. They asked their own
questions, though constrained by the need to use the same methods and
equipment set out by the faculty for a prior lab and fit into one laboratory
session.

Student Reports of Important Learning Experiences
At the onset, students from both colleges reported the same
experiences as important in shaping their understanding of science, with
similar ranges of kinds of answers from all courses at both institutions.
Formative experiences for all students included hands-on activities and labs,
enthusiastic teachers who taught them to question, parents or relatives who
did interesting science and nature activities with them, and in a few cases,
opportunities to participate in special educational or research programs.
Only a few students reported that learning science content had been most
influential to their thinking.
At the end of the semester, however, students from the two institutions
and from different programs of study described their important learning
experiences very differently. There was one notable exception: students in
all courses appreciated the enthusiasm and expertise of their instructors.
Students in both biology courses at Women’s College said the most important
learning experiences for them were about the process of being a student, such
as learning the science content, doing the labs and seeing how labs connect to
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the course content, learning about college science expectations, and learning
how to use the library to do a college paper. As one student described what
was most important:
Probably just to pick out what is important and what’s not. And
study methods.

And another student said of the labs:
And then the lab sections were extraordinarily helpful for me
which didn’t happen so much before the Majors’ Bio class so I
felt really good about them...It was sort of like, oh this actually
relates to what we’re talking about in class.
Interdisciplinary Science students were more apt to talk about the
importance of the way the course was taught, i.e. that they were shown how
science was relevant to their lives, that the concepts in the course built on
each other, and that they felt better not competing with science majors. For
example, one student said
What I liked about the material was that they related it to real
life instead of just memorizing stuff that you don’t really know
what it’s important for... I didn’t know before why things were
certain colors... and we learned things that you take for granted
that you know - things that happen to you everyday.
Students at Alternative College reported important learnings as being
those things that taught them about the process of doing science, such as
seeing how much we are still learning in science, realizing they can read
primary literature, learning to value the work of their peers, and completing
projects that required a new kind of reasoning and analysis for them. In
explaining what was important, one student said:
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Just realizing how much of [science] is educated guessing...I
mean, you do have to know what the best educated guesses thus
far are, and you have to be able to understand what happened
thus far but you need to be able to build on that...but a lot of it
is based on interpretation... it was just very different from most
other science classes I had, because most science classes it was
like, this is the way it is, no you get 5 points off because you said
that and that was wrong... [In this course] if anyone had a
question that was expanding upon what the book said...you had
to have real data to back it up, concrete evidence.
The changes in student descriptions of what is important in their
learning mirrored the kinds of experiences they had in class. The two
Women’s College biology courses taught students important skills in learning
more fact-based science by giving students experiences and support in
mastering these skills. Interdisciplinary science taught students that science
was part of their lives, even though they are not “science types” by
successfully creating an environment of belonging and of looking for real-life
applications of science. Alternative College courses taught students to be
engaged in the process of science by having students ask and solve complex,
authentic problems in science.

Major Findings: Part I - The Courses
In the broadest of terms, courses at the two institutions differed from
one another in the degree to which content goals and process goals were
elevated in importance in the eyes of the faculty. Courses at Women s
College had the learning of content as a major goal of the course and as a
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major activity of students in the courses. That is not to say that the courses
were designed to have students learn a host of unconnected facts. They were
not. The content goals concerned students’ learning about science by seeing
connections among ideas. Though faculty modeled the kinds of questions
scientists might ask, the lecture and labs revolved around mastery of content
knowledge. The courses at Alternative College did not articulate the
learning of content as a goal, but had the learning of skills and
understandings about science as major goals. These goals were made clear to
the students in both written form (as goals for their first year) and orally, in
class. Students at Alternative College were also engaged with subject
matter, but the content was in the background as compared to the practice
and modeling of ways of thinking about, approaching, and being engaged in
science.
Comparing the goals at the two institutions in another way, the goals
of Women’s College faculty focus more on what the instructors will do and the
goals of Alternative College faculty focus more on what the learners will do.
That is, Women’s College goals are, to a large extent, about how to present
science so that students see connections or appreciate the role of science in
their lives. These goals are about organizing content in interesting ways.
Alternative College goals take into consideration the kinds of things that
students will do as a result of the course, both in terms of understandings
(about the nature of scientific discovery) and processes (asking questions,
writing, speaking, or analyzing data, etc.).
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Goals of the course give the most general brush strokes of what an
instructor is trying to accomphsh. What the students actually experienced in
the two institutions mirrored these goals, although students in all courses
did have some opportunities to engage in answering ill-structured problems.
The courses varied in the amount of time devoted to ill-structured problems,
the seriousness afforded these problems (by grading or evaluation), the
degree to which they had to revise their thinking, and the types of resources
students had available or were asked to use.
At Women’s College laboratory experiences were structured by the
faculty with the exception of one lab session in Interdisciplinary Science and
two lab sessions in Majors’ Biology where students designed their own
experiments constrained by materials and subject (photosynthesis in
Interdisciplinary Science; plant transpiration and squid biomechanics in
Majors’ Biology). Students were affected by these experiences and learned a
good deal about formulating hypotheses and the ways variables can affect
results. The Women’s College biology courses both involved students in
refuting the ideas of scientists, often by using primary literature. In Majors’
Biology the assignment which did this was the updating of one aspect of the
Packard (1972) survey paper on squid evolution using more current primary
sources or information from the web. In Non-Majors’ Biology, students wrote
book reviews where they were asked to take issue with biological topics in
books written for lay people. Not all students used primary literature for this

88

assignment. Those interviewed either used primary sources from the library
or found articles on the web.
It was clear from interviews that students at Women’s College did not
necessarily spend substantial time on these assignments. A number said
they just did it to get it done, that it was not important to their grade, that
they were frustrated by trying to use primary sources, or that doing that kind
of reading and analysis was the work of upper-level college courses. It is
possible that when content is elevated in importance as a goal of the course
(either explicitly or imphcitly) in relation to process skills, such as weighing
evidence and making decisions, students resort to studenting skills. They do
not see the assignment as worthy of pushing through the frustration and
they resort to short-cuts, leaving more time for the work for which they will
be rewarded (that is, learning facts). Students at Women’s College, by and
large, either did not encounter conflicting information (stopped collecting
information when they found one answer) or dismissed the conflict by
choosing to believe one position based on superficial characteristics of the
work (such as date published). Faculty at Women’s College seemed to know
that these were important experiences for students, but were constrained by
what they saw as major goals of covering content. They did not put emphasis
on these assignments by making them a major part of the grade for the
course. Nor did they use class time either to teach about how to read primary
literature or to allow students to puzzle through the conflicting information
they may have found there.
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Alternative College courses had much more student involvement in
answering ill-structured problems. Most courses did so through library
research rather than through laboratory or field experiences. There were few
lab courses taught in the fall of 1998 at Alternative College. Students in
Human Anthropology had some lab experiences that were more open-ended.
Students in Field Geology designed observational experiences and collected
data, which they were asked to interpret. Human Biology students solved
complex biological cases in small groups (using medical references and texts
as well as primary literature). Most students at Alternative College were
engaged in asking ill-structured questions of their own choice through
literature review. Human Biology, Darwinian Evolution, and Human
Anthropology all required students to complete an independent paper on a
question of their choice in addition to any projects done in class. These
papers all entailed reading primary literature. Students used the primary
literature to make their own arguments in answering their questions.
Students in Field Geology did not read primary literature for the course.
Despite the different experiences that affected students’ epistemology
and methods of justifying decisions, students learned what it meant to be a
student of science based on the structure of the course. That is, their
interpretation of what was important (being a good college student or being a
scientist) depended on what was asked of them. After one semester, students
in different courses had different interpretations of what it meant to learn
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science. Students at Alternative College believed the important learning
experiences had to do with the process of doing science (e.g. reading primary
literature and thinking analytically). Students in Women’s College biology
courses saw their most important experiences as learning science content and
how to be successful students (e.g. learning study skills and understanding
how to write a college research paper or lab report). For students in
Interdisciplinary Science, the most important experience was having had a
positive experience with science (e.g. seeing that they could do science and
that science was relevant to their lives). The way students ultimately
understood what science is—a collection of information or a way of asking
and answering questions about the world— may be the result of how science
was presented to them.

Part II - The Students

The Students at the Start of the Term
Science Questionnaires contained 35 items about students’ attitudes
and beliefs about science. There were 22 items for which there were no
significant differences in average scores between the two study groups. See
Table 4 . Alternative College students had more favorable responses to 7 of
the 13 items on which there was a significant difference between the two
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Figure 2: Science Questionnaire - Comparison of College Pre-Semester
Means
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groups. Women’s College students answered more favorably on the
remaining 6 of these questions. See Table 5.

Figure 2 offers a different view

of the distribution of student responses on the Science Questionnaire. It is
apparent that, although students differed on roughly one third of the items,
no one college shows consistently higher mean scores than the other at the
beginning of the semester.
The Colleges likely attract different student populations. Students at
Women’s College have a reputation for being serious students who want to
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Table 5: Science Questionnaire Significant Differences in Pre- or PostSemester Means
Question**

and correct;: IIS-ISli: ;
4. The process of writing in science has helped me understand
scientific ideas.
6. I like exploring science problems by using real data.

Pre* Post*
Score Score

ACT ACt!

ACt
wet
wet wet

9R. Students who do not major/concentrate in science should not have wet
to take science.
10R. I wish science instructors would just tell us what we need to
ACt ACt
know so we can learn it.
14R. Expressing scientific concepts mathematically makes them more wet wet
confusing to me.
16R. When experts disagree on a science question, its because they
ACt.
don't know all the facts yet
17.1 get personal satisfaction when I solve a science problem by
wet wet
figuring it out myself.
2lR. Science is essentially an accumulation of facts, rules, and
ACt ACt
formulas.
24. Real scientists don't follow the scientific method in a straight-line. ACt ACt
26R. Only scientific experts are qualified to make scientific
liBi ACt
judgments. :
wet
29. Explaining science ideas to others has helped me understand
them better.
31. The main job of the instructor is to structure the work so that we
ACt ACt
can learn it ourselves.
j
wet wet
32R. When I come across a mathematical formula in a science paper
or text, I skip it.
XvXvXvIvXvXvI;

XvXvX\;X;X\vXv

mi sin

M&;'S:cibhtists;h#k:::up MBHIH
34R. Lab experiments are used to confirm information studied in the
science class.

ACt ACt

*ACt = Alternative College students significantly higher at the 0.05% level.
*WCt = Women's College students significantly higher at the 0.05% level.
Questions related to Epistemology and Justification
Questions related to Agency in Science
**Responses for question numbers followed by R have been reversed so that
•>XvX£X*X£X£

__i----—---—--

higher scores are better.
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have a solid foundation for further study or competitive careers. Students at
Alternative College have selected to attend a college that takes a nontraditional approach to undergraduate education and which stresses learning
by doing, and applying one’s learning to make social change. Although one
might guess that Alternative College students are more inclined to embrace
uncertainty than are Women’s College students, there was no statistical
difference between students’ epistemological stances at start as measured by
the interviews (discussed below; data presented in Table 6).

Research Questions 1 and 2: Epistemology and Methods of Justifying
Decisions
Questions 1 and 2 (Are changes in students’ epistemic assumptions
and methods of justifying decisions different when science learning is more
inquiry-based rather than more traditional or content-based?) proved to be
closely linked and will be addressed together.
There were certain learning opportunities in all the science courses
that affected students’ understanding of the nature of scientific knowledge, of
how much scientists disagree, why they disagree, and how to justify decisions
in the face of this disagreement. A description of students’ reactions to these
experiences by program follows a general description of students in all
programs.
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Interviews

General findings At the start of the fall term, students in both
institutions displayed roughly the same range of epistemological stances as
determined by the interviews. There were no students who believed there
are facts in science that are known with certainty. All had a sense that ideas
can change with time and with new information, a view associated with
Multiplistic Thinking (coded as stage 4 in the coding scheme found in
Appendix E). The average score from interview coding for epistemology and
justification at Women’s College was 3.81; the average score at Alternative
College was 3.96. A two group t-test showed no difference between these
populations with regard to epistemology and justification (p=0.43 n=15 at
Women’s College, n=12 at Alternative College). See Table 6 below.

Table 6 Average Pre-Post Epistemology and Justification Scores by College
from Interviews
Pre-semester
Post-semester p from paired
Average
Average
t-test
3.8
3.9
0.17
Women’s College
4.0
4.4
0.00035
Alternative College

In most cases, students cited an historical example of how scientific
ideas have changed, for example, that scientists once believed that the earth
was flat and now know it is spherical. When students used an example from
their own personal experience with scientific knowledge, they were often able
to articulate the ways that the context of an experiment affected their
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results, and so, in these instances, the view that scientific ideas can change
was coded at a higher level. In general, students felt that there were things
scientists had pretty much worked out (how cells work, why gravity works)
and other things that were still in doubt (like the cure for AIDS or cancer).
On the whole students at Alternative College seemed more comfortable with
the idea of there being scientific uncertainty and a few were skeptical of
scientific experts.

This was true as well for a few non-science majors in Non-

Majors’ Biology and Interdisciplinary Science at Women’s College. It was a
more appealing stance for students interested in the humanities - they
seemed to prefer operating in the culture of the humanities, where they felt
there was more room for interpretation and personal experience or opinion
than in the natural sciences.
Students at the beginning of the semester generally cited two reasons
that scientists disagreed about issues. For example, using the issue of the
relative harm or safety of placing chemical additives in food (question 8 in
the interview schedule, Appendix A), they are: 1) they believed that the
scientists’ philosophical perspectives, beliefs, and motivations affected their
results (i.e. some scientists worked for chemical companies and were trying to
prove that food additives were safe while others worked for the American
Cancer Society), 2) they believed there were differences in the experiments
used (e.g. scientists used different amounts of substances in tests in order to
back their results or the subjects had different predispositions to cancer).
The first answer above was the one more commonly given.
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In the first interview, most students said that they were more apt to
believe someone who had more background in science or whose opinion was
more logical. They would more likely believe an opinion that was stated in
more sources or that fit in better with what they believed. At the end of the
semester it was more common for students in both institutions to believe that
there is no right answer and anyone’s opinion is as good as another’s. This is
a typical move for students in college as they begin to meet people with more
varied perspectives and are learning to respect the opinions and experiences
of others without regard to evaluating the quality of different opinions
(Perry, 1981). What is most interesting here is that there were some
significant experiences in their science classes that seemed to have affected
whether students stayed in this multiplistic view and chose to hold all
answers as possible, or whether they looked more carefully at evidence in
order to decide what to believe. Similar experiences in their science classes
also affected students’ understandings of the reasons for disagreement
among scientists and the degree to which they disagree.
Not surprisingly, students’ understanding of the nature of scientific
disagreement and the ways that scientists resolve these disputes were
affected by direct experience with scientific disagreement and with being
asked to make their own decision-justifications. Students had at least some
opportunity for such experience in all courses, but there were differences in
effectiveness. Two group t-tests performed on students’ epistemology and
justification scores after one semester of introductory science show significant
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differences between students at Alternative College and Women’s college
with students at Alternative College making much greater gains in
epistemology and justification (p=0.0028 n=15 Women’s College, 12 at
Alternative College). See Table 6. What follows is a look at each of the
programs in turn.

Alternative College Students The courses where students showed the
greatest change in epistemology and justification were Alternative College’s
project-based courses. In these courses, students read primary literature in a
systematic way and/or performed real experiments where they saw how the
context of an experiment affected the findings. Students had to justify their
own thinking, if only to point out the strengths and weaknesses of the
conflicting arguments. T-tests performed on students’ epistemology and
justification scores showed significant difference between these students’ pre¬
semester and post-semester averages (p =0.00035 n= 12).
In project-based courses students gained insight into the reasons
scientists disagree. One student who had participated in a field research
project in class saw directly how protocols can affect results. The student
thought of this as the data being “read differently” and also probably had an
exaggerated view of the effects, but nonetheless, the following quote shows
how powerfully involvement in real research teaches students that the
details of a research procedure limit the validity or generalizability of the
results:

101

And there are other ways [that the findings can be affected]...
the data can be read differently. When we were testing [a
town’s] water, if we turned on the water right away and we took
a water sample and then read it, the chemicals in there were
enough to kill somebody after a couple of years but then if we let
it run for five minutes we just had chemicals that were a little
bit higher than they should have been, so right there is just an
example of how things can change.

After reading a good deal of primary literature, another student who,
at the beginning of the semester, was surprised that scientists disagree and
did not understand how they could disagree was not only comfortable with
this disagreement, but understood how variables such as subjects’ diet, size,
exercise level, and geographical location affect test results:
Weight loss programs, say something like lose up to 10 pounds
in one week if you just drink our shake and [if] you really go
back and look at the study and it says something like if you’re a
bulimic person in a prison who doesn’t actually get to eat
anything and drinks this shake... I wouldn’t say right and
wrong - it’s more like this study did it differently and maybe
they went about it differently and maybe they were trying to
find out something different...Some things that I learned about
the studies are that the size of test groups and the makeup of
testing groups [can affect results]. If it’s on a person or animals
or if you take people from one state and one town and try to
relate it to the entire country it doesn’t really work out, because
it’s not all the same and so you need to take a really broad range
and do the test over and over and over to get consistent results

These and other students in project-based courses had first-hand
experiences about the role that research design plays in creating scientific
knowledge. They also learned to use the context of an experiment to help
them judge the strength of the research (which they then used in their
decision-making). One student looks at sample size:
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If it’s a valid hypothesis then I could see at that stage one would
be as valid as the other, but as they do more work in trying to
support it and developed their hypothesis -1 think that’s when
you start leaning towards one side or the other depending on because if they only use 10 subjects then their results are
probably a lot less reliable than someone who used 50 subjects...
and I’d be much more inclined to go with the study that used 50
people.
Another student looks at the use of primary research and the
background of the author in deciding what to believe:
P would be less likely to believe it if ] it’s not based on primary
research or if it is [based on] very specific biased primary
research. And that’s one way that you can tell, by looking at the
person who wrote it, what their background is and if they
actually have any experience...
Still other students did not try to decide what to believe even though
they attended to the context of the studies and the strength of the arguments.
As one student put it:
I really wouldn’t take one as the truth. I saw them for what
they were because I knew where each of the different scientists
were coming from. I guess you just bounce the ideas off each
other and see which one makes the most sense to you. But I
never had anything answered, like I never had anything down
as like ‘Oh the neuroscientists are wrong, this is the truth.’ You
definitely have to know many sides to an issue before you make
up your mind.

These Alternative students’ made big strides in their epistemological
maturity from their active involvement in science.

Women’s College Students Some students at Women’s College made
similar gains to those at Alternative College with differences in epistemology
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and justification scores of 0.3 to 0.5. These differences were not so common
as at Alternative College. T-tests done on average pre-post semester
epistemology and justification scores for all students at Women’s College
show no significant change (p=0.17 n=15). See Table 6 above.
Though not project-based courses Non-Majors’ Biology students were
asked to critique the work of authors of popular science books and make
small-group presentations on a current application of biology in their fives.
Majors’ Biology students read a survey paper on squid by Andrew Packard
(1972) and were asked to bring Packard’s ideas up to date with regard to one
issue of their choice. They also designed and carried out a laboratory
experiment on plants. Students felt these assignments were important
learning experiences. In some cases, students showed changes in their
thinking that were similar to those seen in the project-based courses at
Alternative College. Perhaps because these assignments were only a small
part of otherwise demanding courses and were not generally discussed in
class or presented on tests, students did not universally deem them
important. Some students did begin to understand disagreement in science,
but they did not have the tools to decide which were the stronger arguments.
For example, in doing the Packard paper, this student gained a first-hand
appreciation of the uncertainty in science knowledge. She said:
I think ‘right’ is a very subjective word because I think there’s
been a lot of changed opinions from time to time - especially just
from having done the Packard paper...You read what Mr.
Packard said and then you go and read something else and
they’re refuting what he’s saying and saying ‘no actually that’s
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not the way it was/ Or there’s someone else that agrees with
him. Over the course of 10 years you’ll have five different
scientists’ ideas of how their thoughts have interchanged.
Whoever was the foremost leader in something at one point is no
longer considered such a good reputation in that area.
Yet, the student did not make the same gains in identifying the
stronger argument. She chose based on her feelings and on superficial
differences (i.e. date of publication):
A lot of it is time frame, well this guy did it in ‘87 and this guy
did the experiment in ‘95 so his is more current or up to date,
but it’s just looking at a lot of different ideas on the same topic
and then finding what makes the most sense to you.
Nonetheless, the experience of research for the Packard paper was the
one most cited by students as important in helping them see that scientists
disagree and that you had to look at the credibility of your sources and at the
background information they present. One student described how the
professors impressed them with these ideas:
...Then they’d always say ‘Well, you can check the book or you
can go check this if you’re not sure and go to the library.’ When
we had to do the research its like ‘Check a whole bunch of
articles and make sure your sources are good.’ That was
constantly honed into us and the idea that there’s more than one
opinion.

This Non-Majors’ Biology student also learned important lessons from
discovering discrepancies in science for herself, but was left feeling
vulnerable in the face of disagreement among sources. This is a student who
is likely to end her science career at this juncture. She said:
On the web, that made me realize you really do have to
discriminate -1 don’t know how to do it yet because it’s hard to 105

you have so much access to just put any type of information out
there on the Internet. It leaves you so vulnerable to get your
hands on things that are completely wrong. So I don’t know
how to discriminate yet. Facts - like statistics - don’t even
match. Where are these people getting these things? And it
makes you think - if there are two people talking about the same
exact thing and they’re using totally different statistics then you
know that something’s wrong.
She began to understand that context of an experiment affects the
results, but did not quite have a strong enough sense of how that happened
to use the discovery herself:
I would go ask [my professor] and say You know, I’m getting
this and then I’m getting this -what’s up with that?’ And then he
would tell me ‘Well you know, it’s just different sources they go
to or it might be that under different circumstances, different
variables - not variables, different - what is it called - controls
just different circumstances.’

Some students in Majors’ Biology cited their laboratory work as affecting
their understanding of the nature of scientific knowledge. This student was
struck by a laboratory experiment on biomechanics performed on squid
tissue. The experience helped her see that variability in organisms can affect
experimental results. She said:
biology, its not as - the other sciences they’re are a httle more
concrete - like physics and chemistry. You work with chemicals
and they usually end up the way they’re supposed to and you
know how they’re going to, but biological organisms don’t
behave in the same way and that’s why it’s a httle bit harder to
do, because they don’t all act the same. They’re slippery and
they stretch too much in one place and they don’t all stretch
equally and so your calculations are a bit flawed and you have
to take that into account - there are lots of httle things to take in
account.
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Although these experiences in Majors’ Biology did not bring students
the same distance in their thinking as those at Alternative College, they are
important to students’ thinking. As one student described her experience
with the Packard paper:
I really expected that there was one right answer and especially if there was someone so well renown like Packard,
being the foremost expert on eyes of squid - that you wouldn’t
think that someone would be refuting him five years later
...That was -1 don’t think disheartening is the right word. It
wasn’t wildly emotional or anything but it was just sort of eye
opening.
These shorter assignments that brought students in contact with the
scientific literature and experimental design gave students some personal
experience that showed them there are not facts that experts knew with
certainty. They did not, however, gain the same understanding of the
limitations on knowing imposed by experimental context as the Alternative
students.
Although Interdisciplinary Science students spent less time looking at
current disagreements in science, they did look at past scientific disputes.
Upon reflection some students saw the implications of historical debates for
our current knowledge in science. They also designed experiments on
photosynthesis with a small lab group and heard at least one lecture on
current research on fall coloration. Students’ epistemic assumptions changed
slightly as a result of these activities. This student described the effects of
studying how scientific knowledge unfolded (albeit in a linear fashion) this
way:
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What I know about science, what I'm being taught about science
now - someday that might be in question too. So, I think just the
practice of reading and experimenting and seeing that scientists
have recently come up with something new on this idea does
show that people always can make mistakes or have
inconclusive data. But I guess for this class, it didn't so much
jump out at me - we didn't receive too much conflicting
information in, except in the order that it conflicted. [For
example], first so and so said this and then so and so discovered
that this was true, and then eventually they had advanced
enough technology to confirm that this was true. And at that
point we took our technology in our little lab room and we
looked at everything ...it's not like we went so far in depth that
we surpassed all the areas where scientists have it pretty well
defined.

Another student, however, responded to a visit from a guest lecturer who
spoke about his own research on fall coloration. This student said:
When they think they have the right answer, then somebody
comes along and there is something else revealed, or it seems
like it is ongoing in most things. I’m sure there are some things
that they’ve explored thoroughly, but in most things it feels like
there’s always more to explore and to write about... I think with
the fall color change [affected my thinking] because the scientist
came in and talked about his experiments and then read about
some other views on it, and nobody really knew exactly what
was going on.

Although the students in this course had to understand the logic that
led to our current understanding of light, they were not asked to make
decisions about open-ended or controversial issues in science. Their
explanations of how they made decisions in science when they encountered
disagreement was:
I just think it's people using their personal judgment a lot and
that's what I do too. I don't know why I do it, it might not be the
most scientific thing to do but that's what I do.
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Or:
I’d probably ask people that knew a lot more about science than
I do about if it had a good reason behind it.
This second student did not say what made some reasons better than
others. Like other Interdisciplinary Science students, she finished the course
with a less developed epistemology than students in the other courses, but
also began the course with a less sophisticated understanding of the nature
of scientific knowledge.
First-hand experiences in lab, field, or literature-based research gave
students a richer understanding of the uncertainty in scientific knowledge
than did following historical arguments. The revelations about contextual
reasons for disagreement were helpful to them in weighing evidence and in
deciding which scientific results to believe.

Survey Data

Science Questionnaire Questions on the Science Questionnaire support
this shift to greater comfort with uncertainty in the larger population, at
least at Women’s College. At start, students at Alternative College disagreed
with the statement in question 3 that “you can rely on scientific results to be
true and correct” with a mean score of 3.34 (on a scale of 1 to 5 where 5 =
disagree strongly and 1 = agree strongly). Students at Women’s College
agreed more strongly with the statement in pre-semester surveys with an
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average score of 2.87. After one semester, students at Alternative College
still disagreed with the statement (no change in mean score) and students at
Women’s College showed greater disagreement with an average score of 3.07.
See Table 4. This is a significant change for students at Women’s College at
the 0.05% confidence level. While there is no change for Alternative College
students on this item, their mean score remains significantly higher (more
disagreement) than Women’s College students on both pre- and post¬
semester surveys. See Figures 3 and 4.

Figure 3: Science Questionnaire Pre-Semester Means - Epistemology and
Justification

[3 Alternative College □ Women's College
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Figure 4: Science Questionnaire Post-Semester Means - Epistemology and
Justification

Question
0 Alternative College □ Women's College

Students’ responses at both colleges showed slight decreases in
agreement with the statement in “since nothing in science is known for
certain, all theories are equally valid” (item 19 ). These declines in scores are
not significantly different, but may indicate a trend toward greater
multiplicity. See Table 7.
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Table 7: Science Questionnaire Items Related to Students’ Epistemology and
Justification
Question*
A.C.
w.c.
R-3 You can rely on scientific results to be true and
correct.
R-7 When scientific results conflict with my personal
experience, I follow my experience in making choices.
R-ll Intuition does not play a role in science.
R-16 When experts disagree on a science question, it’s
because they don’t know all the facts yet.
R-19 Since nothing in science is known for certain, ah
theories are equally valid.
R-21 Science is essentially an accumulation of facts,
rules, and formulas.
R-26 Only scientific experts are qualified to make
scientific judgments.
R-28 Scientists know what the results of their
experiments will be before they start.
R-33 Scientists back up their own ideas by playing with
the statistics.
^ Mean change in desired direction > .10

0.00
▲

V

V
A

V

V

V

T

V

V

V

T

V

V

A

yp Mean change in undesired direction > .10
^ Mean change in desired direction < . 10
^ Mean change in undesired direction < . 10
^ Change significant at the .05% confidence level
* Data for questions marked “R” are reversed so higher scores are better.

Overall direction of change on the Science Questionnaire items that
relate to epistemology and justification was in the negative direction as
shown in Table 7 and Figure 5. One exception noted above is the greater
belief on the part of Women’s College students that “you can rely on scientific
results to be true and correct” (number 3). The other is Alternative College
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Figure 5: Science Questionnaire Mean Differences - Epistemology and
Justification

0.25

0.30

-

Question
□Alternative College □ Women's College

students' disagreement with the statement that “when scientific results
conflict with my personal experience, I follow my experience in making
choices” (number 7), indicating perhaps that they are more apt to be
persuaded by scientific results. This may be related to their methods of
justifying decisions by looking to primary literature discussed in the
interviews.
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Student Learning Assessment Items 5, 11, 16, and 20 on the Student
Learning Assessment Survey asked students if they had made gains in
making judgments, arguments and using supporting evidence in science.
Table 8, below, summarizes these questions and student responses at the two
institutions. Of the four questions, students at Alternative College reported
greater gains on three of them. Their gains on two of the questions is
significantly higher than for Women’s College students (make judgments
about science issues and critically evaluate a primary research article) and
their gains in the third (make an argument about a controversial point) are
nearly significant. There is no significant difference in gains between
colleges on the fourth item (use scientific evidence to support your ideas),
although Women’s College scores are slightly higher.

Table 8: Learning Assessment Scores for Items Related to Epistemology and
Justification
Survey Item

A.C.

5. Make judgments about science issues
3.08
you might read about in the
newspaper?
2.98
11. Make an argument about a
controversial point in this field?
16. Critically evaluate a primary research 3.63
article?
3.25
20. Use scientific evidence to support
your ideas?
* t-test shows difference at 0.05% confidence level.
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W.C.
2.70

p from ttest
0.031879*

2.63

0.071187

2.93

0.000078*

3.47

0.154687

K
r*

0

T-

0

Figure 6: Student Learning Assessment Scores by Category
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These results are consistent with the kinds of skills students are asked
to use in project-based work by library research methods. Figure 6 shows
that Alternative College students consistently reported greater average gains
on the skills and understandings in category 2. The skills and
understandings in category 2 are those that the researcher determined to be
related to library research, with the exception of question 20.

Major Findings: Part II - Questions 1 and 2

Are the changes in students’ epistemic assumptions and methods of
justifying decisions different when science learning is more inquiry-based
rather than more traditional or content-based?
Students in Alternative College’s project-based courses made gains of
approximately half a stage, from 4.0 to 4.4 (multiplistic thinking is coded as a
4; the transition from multiplism to contextual thinking is coded as a 5).
This is a significant difference in thinking from the beginning of the fall
semester to the beginning of the spring semester. There was no significant
change in Women’s College students’ epistemology and methods of justifying
decisions. Their average pre-semester was 3.8 (not statistically different
from Alternative College students’ pre-score) and post-semester was 3.9
(which is significantly lower than Alternative College post-semester scores).
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Research such as Baxter Magolda’s longitudinal study of college
students point to very small, if any, change in students’ epistemology after
one year in college (Baxter Magolda, 1992). Other work, such as King and
Kitchener’s (1994) lead to expected changes of about one half stage after one
year in college. In light of these findings, Alternative College students’ gains
of one half stage in one semester are quite significant. These students were
engaged in some learning activities that are uncommon in first-year courses.
These courses required that students read primary literature in a systematic
way and/or perform real experiments where they saw how the context of an
experiment affected the results. Students then had to justify their own
thinking, if only to point out the strengths and weaknesses of the conflicting
arguments.
At Women’s College, courses that asked students to make arguments
using primary literature did so in shorter assignments that were not so
important to student grades as were content-based tests.

Students were able

to finish these assignments without weighing evidence or coming across
conflicting results. What’s more, as a result of the ill-structured assignments,
Women’s College students did begin to understand that there is
disagreement in science, with some scientists refuting the ideas of others in
journal articles, but they did not gain the tools to decide which were the
stronger arguments. Students in these courses saw their job as learning
content. Statements in the interviews showed that Women’s College
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students believed they were learning facts that were worked out with a high
degree of certainty.
The ill-structured problems that students at Alternative College
encountered were often embedded in larger projects that were of primary
importance in the course. In interviews, students at Alternative College
spoke about being the decisions they made when they encountered conflicting
sources. Resolving controversies was central to the their classroom learning.
Some of these results are corroborated by the survey data. The
surveys did not show big changes in epistemology, which could either mean
that there are not big changes in epistemic assumptions after one semester or
that the survey questions were not structured so as to capture any change (or
both). Yet the Science Questionnaire item 3 (“you can rely on scientific
results to be true and correct”), pointed to an increased awareness of
uncertainty in scientific knowledge on the part of Women’s College students
(they responded to the statement with significantly greater disagreement at
the end of the semester). Responses to the Science Questionnaire item 7
(“when scientific results conflict with my personal experience, I follow my
experience in making choices”) showed significantly greater disagreement
from Alternative College students, demonstrating a greater tendency to look
to scientific results in decision-making.
Such a shift in using evidence to make personal decisions is consistent
with students’ self-assessments at the end of the semester. Alternative
College students reported significantly greater gains than Women’s College
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students in their ability to “make judgments about science issues” (item 5)
and “critically evaluate a primary research article” (item 16). Although
Women’s College faculty modeled the decision-making process for students,
the active engagement in making such judgments themselves (often by
substantiating their ideas to peers) had a greater effect on student learning
in this domain. Vygotskian theory about the role of social interaction in
leading development (Vygotsky, 1978) and King and Kitchener’s ideas about
the importance of engagement with ill-structured problems in developing
reflective judgment (King & Kitchener, 1994) shed light on possible reasons
that Alternative College students made greater progress in justifying
decisions in science than did Women's College students.
It is by interacting with peers and instructors, using language and
other sign systems (perhaps tables and charts of data about ill-structured
problems) that students develop their understandings about how to justify
their decisions. By having personal experiences with deciphering primary
literature or in analyzing “messy” sets of real data collected in known
contexts, students could internalize what they may already have known on a
more global level — that ideas in science change because scientists do
experiments differently or look at different evidence.
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Research Question 3: Agency and Ownership
Students who see themselves as able to participate in creating
meaning in a given context are described as having agency or internal agency
in that domain. Often, students see science as something in which only
experts can participate. Data on agency and ownership are presented here in
the three ways. First, student descriptions from interviews are presented. In
interviews, students discuss where they look for answers (e.g. do they look
only to experts or do they believe they can figure things out from evidence),
whether they feel they can contribute to the course, and whether they have
produced work they feel is their own.
Second, data from the Science Questionnaire from questions that dealt
with the degree to which individuals see themselves as exerting power or
control in creating scientific meaning are presented (questions 1, 2, 5, 9, 12,
15, 17, 20, 22, 23, and 26).
Third, data from the Student Learning Assessments are presented.
These data describe the degree to which students felt they made gains in
certain skills and understandings as a result of their courses. They are not a
test of pre-post differences in measures of understanding.

Interviews

As one might anticipate, students who were majoring or concentrating
in science had a greater sense of agency at the start of the program than
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students who did not plan to major in science, regardless of the institution.
Alternative students emphasize the importance of their work’s being of their
own design and labor. Students at Women’s more often felt pride in doing
rigorous work and in figuring things out on their own (things Alternative
students might also value), but were less affected by the question of
ownership. Each college and program of study are described here, starting
with Alternative College.

Alternative College Students Alternative College students variously
reported looking to professors, other experts, or to the literature if they had
questions. Though there was a range of ideas, as a group their confidence
that they could make sense of primary literature and that they could support
their ideas stood out among the three programs as did their sense that they
had produced a unique piece of work at the end of the semester.
Students in most, but not all, of the 100 level Alternative courses read
a good deal of primary literature. This affected their habits and their sense
of their ability to engage in science. One student who had not had a strong
science background described looking for answers to questions in this way:
[I would go to] the journal databases in the computer. This was
really my first exposure to journals. I didn’t think they had
anything to offer me and I thought they were way above my
head, but I can’t even count the number of journal articles that I
read last semester and felt confident that I gleaned the same as
someone in the field. Not quite the same. Initially I would look
to an encyclopedia, that’s what I did in high school and I guess
my first few weeks of last semester that was my first response,
‘oh I should go to an encyclopedia’ but then I was thinking, ‘wait
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that’s only going to be like what a page about what I want to
know and that’s not going to satisfy my curiosity or satisfy what
the teacher wants me to know.’ Yeah, I guess I gained this new
confidence just going to the library, find where the journal was,
plop myself down in the stacks and take out the actual book and
read it. It’s not something I had ever done before.
Another student who was not quite so confident as this student about
understanding the primary literature said:
I try my hardest to read [the primary literature] now. I respect
now that someone actually did a whole lot of work on this and
I’m so happy that they were able to produce something that I
respected and I have to read it now. Before I was like, oh yeah a
science-sort-of-thing. Recently I’m not as anti-science; it’s really
funny. I like primary literature now and enjoy it somewhat
when I can understand it.

Students in many Alternative Natural Science courses felt ownership
of their work, not only because they had done a significant piece of research,
but because the work was most often on a subject of interest and on an openended question that did not have a clear answer, and they often worked in an
atmosphere where they felt their work was valued. One student, in talking
about the experience of completing a lab project said:
After spending hours and hours looking into a microscope at
each one of these tiny little [things] it really felt like I definitely
was the only person that had ever looked at [them] this closely
and the person that probably will ever see so much in
[them]...and [there were] so many questions that I was able to
answer and put together in such a way that I saw the whole
picture and I was the first one to see that big picture for
myself... I think that my focus on this tiny little part was
unique.
Even when students’ experiences were not with such original work,
they all felt they had had the opportunity to do a lot of independent work.
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Almost to a person, they stated that their projects or papers were their own
work. One student described the atmosphere of the course as affecting the
ownership the student felt of all the work produced in the class:
I finished [first-year science project]... and that was very much
my own. Everything that I did in [my science] class, because
[my professor] never said ‘This is what’s right’ and ‘This is
what’s wrong’, there was always - this is what I had to say and
it’s completely valid. So, all my work felt like it had merit and
like it was feasible and possible. And [my professor would]
point out if I said something that contradicted something else or
if I said something that just didn’t work - if I was reversing
processes - but for the most part [the professor] always took
everyone’s work as having absolute merit and being completely
possible.
Alternative students’ sense of ownership of their work was strong. Their
sense that they could do the work of scientists was strongest in terms of
being able to understand the work of other scientists in the primary
literature and being able to critically evaluate this work (some of which was
discussed in the section on epistemology and making decisions in science).

Women’s College Students
Interdisciplinary Science: The course where students had the least
developed sense of agency and confidence at the start was Women s College
Interdisciplinary Science. At the beginning of the semester, 3 of the 4
students said they would look to experts for what to believe and they doubted
their abilities to participate in a science classroom. After one semester in
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Interdisciplinary Science, all four students interviewed said they were not so
intimidated by science, or so dependent on others. As one student said:
I don’t feel totally overwhelmed, or like I don’t know anything
that is going on. I feel like I have a pretty good grasp on it and
that it’s not as if everybody around me knows exactly what’s
going on. Its not as if there’s a secret language going on that
everybody else is speaking, like in a lot of biology classes. That
fact alone, just being with a group of other people that weren’t
necessarily science people made it easier to contribute and ask
questions...they related a lot of stuff that we did to the arts and
music and ... it incorporated a lot of things that I felt
comfortable with doing into science so it made it a little bit more
accessible... I think it made it a little less scary for me. I feel
like I can understand things, and that I can get the grasp of a
lot of scientific ideas without having to do years and years of
science, I guess that was good. It made me feel a little more
positive about science, especially here where it is really
intimidating.
Students in the course all felt pride in their work. This was especially
true of their final papers (where they were asked to integrate the ideas from
the course) and of a group assignment to design and carry out an experiment.
One student who did report feeling ownership over her group experiment
described it this way:
It was interesting. The very end of last semester we got into
small groups of 4 or 5 and we had to invent our own
experiments and I think a lot of them had been done before but I
invented, kind of came up with one from my group that [had not
been done before]. We incorporated every damn experiment
that we had done all semester into it. We were in lab for 4 1/2
hours and everybody else left like after an hour - we didn t
realize it was going to be so involved, but it turned out to be.
And in the end all the teachers were really excited... It was
neat.
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Being able to participate in science and being given the opportunity to
work on projects of their own affected these students’ sense of agency and, in
some cases, ownership.

Biology: In Non-Majors’ Biology there was more of a range of ideas
from students both pre and post semester. Both pre- and post-semester, most
said they would look to textbook or teachers if they had a question. Two of
the students felt they had participated in science classrooms in the past, 2
said they had never felt comfortable in science classrooms. At the end of the
semester, when talking about ownership of their work in this course,
students spoke most often about the papers they did after reading the
popular science books. One student in particular spoke of the experience of
critiquing the authors:
We read a book about some contemporary issue in biology and
then tried to dispute what the author was saying in one point,
and then pick a point where we agreed and said why. So it was
fun being able to sort of tear down the author when you didn’t
agree and go out and find that material to say, ‘No, you have no
idea what you’re talking about.’

Some students said that doing the labs made them feel like real
scientists. One student in particular responded to the bacterial
transformation lab in which students had to solve a problem of gene order on
a bacterial chromosome. This experience gave the student a sense of doing
real science and of pride in solving the problem.
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She said:

Trying to work out where the genes fit on the chromosome -1
never did that before. I liked the stuff that makes you feel as if
you’re working somewhere - the laboratory or something
...Nobody could figure [itj out and I did. I felt really good about
that.
The Non-Majors’ Biology students did not all agree on feeling
ownership of the lab work. Another student said the labs were too complex
and confusing for an introductory course and she did not get a lot out of doing
them.
After a semester in Majors’ Biology, even though most students would
go to their professors or another expert for answers, by and large students
felt more confident that they could figure things out for themselves than they
had at start. They attributed this mainly to the research for the Packard
paper. As one student said:
Well, I know if I have to look up something else or if I’m
interested in something else I know that I now have the skills to
do it. That basically, if there is a topic that I really don’t know
much about or have kind of a little background, now I’m
confident that I can go and see what new stuff is being
researched on it and be able to understand it to a fairly good
degree. I just keep on cross-referencing and looking up.
Students may have gained confidence from this assignment or felt they
had conquered something difficult, but only a few students reported feeling
ownership of the report as their own work. Some resented the lack of choice
in topic.

Some students stated that they felt ownership over the plant

project where they designed an experiment with a small group, but others
said that the plant project was simply something they knew the answer to
before they started and they were just repeating the experiment that had
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been done many times before. Ownership or not, both small projects affected
the confidence of many students and were positive experiences. As one
student described the presentation of her plant project to her lab section:
We went to the greenhouse, we found our own plants that we
hadn t studied before and we did some different environments
and then we carried out the research by ourselves, because we
figured out how to do it by then...And we had to talk in front of
the lab section. My TA and our professor grilled us with more
questions so just the ability to answer after we’d done the
research by ourselves [felt good] because it was more than what
I’d just been told in class...I think, earlier if [my professor]
would have just thrown those questions at me in class I
probably wouldn’t have been the one to raise my hand. But
standing up there - even though it was more of an intimidating
position to be standing up in that way, but it didn’t feel
intimidating -1 could answer. It gives you a nice confidence
that you know something.
Some students also felt proud of their laboratory write-ups. This student
says of the labs:
A lot of my labs and what I wrote for my labs I felt really good
about because I would go home and I’d read up on whatever
we’d been working on so that I could put in a lot of extra detail
in my lab reports...I came away from the labs feeling really good
about the individual work that I had done on them. From
lecture to test was just not something that I was as excited
about as something [like the labs] that I really had to sit and
think about - but it wasn’t like I had to come up with my own
equation for something. I just had to take what I already was
given as information and then tie it together and feel like I
made a baby, a discovery of my own.

Students were clearly challenged by the rigor of the lecture and lab
work in the course. Their ability to do the work made them feel good. Some
students felt pride in completing the lab work. But again, the experiences
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that most helped them to feel capable of doing the work of scientists were the
Packard paper and the plant experiment.

Science Questionnaire

Students in all courses improved significantly in their responses to two
Science Questionnaire items that relate to agency in science. These are
numbers 20 and 23 (“I can back up my ideas in science” and “I can do well in
science courses,” respectively). See Table 9. These results corroborate the
improvement in students’ perceived abilities in science that was seen in the
interviews. Women’s College students also showed significant change in the
negative direction in two questions aimed at revealing students’ agency.
They were numbers 2 and 9 (‘1 am curious about how the natural world
works” and “students who do not major in science should not have to take
science”). See Table 9. These survey items for which Women’s College
students’ scores declined addressed students’ curiosity and beliefs about the
centrality of science in their fives. Although students at Women’s College
reported gains in certain perceived abilities, they reported less curiosity
about science and a greater belief that science courses are important only to
science majors. This is troubling as these students will undoubtedly come
across scientific controveries that directly affect their fives.
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There was no significant change for students in either institution on
the other seven items related to agency on the Science Questionnaire, nor
was there a definitive direction of change. See Figure 7 and Table 9.

Table 9: Science Questionnaire Items Related to Students’ Agency in Science
Question*
Alternative Women’s
College
College
1 Even if I forget the facts, I’ll still be able to use the
A
thinking skills I’ve learned in science.
2 I am curious about how the natural world works.

A

A

R-5 I do not use scientific thinking outside of school.
R-9 Students who do not major/concentrate in science
should not have to take science.
R-12 I become bored when scientific issues are raised in
casual conversations.
15 Scientific thinking has been an important tool to help
me learn other subjects.
171 get personal satisfaction when I solve a science
problem by figuring it out myself.
20 I can back up my ideas in science.
22 I can do well in science courses.
R-23 Scientists publish their work in professional
journals that are too technical for me to understand.
R-26 Only scientific experts are qualified to make
scientific judgments.
^ Mean change in desired direction > .10

A

A

T

V

A

A

V

V

*A

*A

v:

A

*A

*A

V

V

Y Mean change in undesired direction > . 10
^ Mean change in desired direction < .10

Y Mean change in undesired direction < . 10
^ Change significant at the .05% confidence level
* Data for questions marked “R” are reversed so that higher scores are better.
College reported gains in certain perceived abilities; they reported less
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Figure 7: Science Questionnaire Mean Differences - Agency in Science

0 Alternative College □ Wbmeris College

Student Learning Assessment

The questions on the Student Learning Assessment were categorized
by four a priori categories developed by the researcher. These categories are.
1) lab and field research comprised of questions 1, 10, 19; 2) library research
comprised of questions 6, 12, 13, 16, 18, 20; 3) relevance comprised of
questions 3, 5, 7 8, 15; and 4) quantitative and verbal skills comprised of
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questions 2, 4, 9, 11, 14, 17. Figure 6 displays the average scores by college
organized by these categories.
Women’s College students report having made greater gains in lab and
field research items (“engage in laboratory, field, or library research to
answer your questions” and “design an experiment to test your hypothesis”).
See Table 8. These students gained practice in their weekly labs. In both
courses represented here (Majors’ Biology and Interdisciplinary Science) all
students did design their own experiments. Of the twelve courses surveyed
at Alternative College, only three had lab or field components.
Alternative College students reported greater gains in the library
research category (“understand the statistical analysis of data in science
articles”, “interpret the tables and graphs you come across in the work of
others”, ‘locate information that would help you answer a scientific
question”, “critically evaluate a primary research article”, and “read a
scientific research paper and summarize its main points”). See Table 10.
Most Alternative College students read primary literature for their first year
courses.
There were no clear trends in student reports of gains by institution in
either of the other two categories (relevance or quantitative and verbal
skills), although there is a striking difference between Women’s College and
Alternative College students’ reports of gains in questions 9 and 10
(“construct tables and graphs” and “design an experiment to test a
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Table 10: Learning Assessment Scores by College
Survey Item
Alternative Women’s
College
College
1. Engage in laboratory, field, or library
3.54
3.56
research to answer your questions?
2. Analyze quantitative data?
3.05
2.98
3. Formulate scientific questions about the
3.10
3.09
world around you?
4. Write about a science topic of interest to
3.51
2.98
you?
5. Make judgments about science issues you
might read about in the newspaper?
6. Understand the statistical analysis of
data in science articles?
7. Help another student formulate questions
in science?
8. Apply something you learned in a science
course to your own life?
9. Construct tables and graphs to present
data?
10. Design an experiment to test a
hypothesis?
11. Make an argument about a controversial
point in this field?
12. Interpret the tables and graphs you
come across in the work of others?
13. Locate information that would help you
to answer a scientific question?
14. Explain something you learned in this
course to another student?
15. See connections between science and
other fields of study?
16. Critically evaluate a primary research
article?
17. Represent experimental results
quantitatively?
18. Read a scientific research paper and
summarize its main points?
19. Recognize the difference between
scientific observations and interpretations?
20. Use scientific evidence to support your

0.655799
0.972787
0.002715*

3.08

2.70

0.031879*

2.77

2.61

0.333951

2.46

2.79

0.071868

3.08

3.17

0.614318

2.49

3.28

0.000006*

2.61

3.46

0.000008*

2.98

2.63

0.071187

3.07

2.92

0.381687

3.56

3.36

0.273877

2.92

3.25

0.060953

3.38

3.16

0.194997

3.63

2.93

0.000078*

3.00

2.88

0.458144

3.22

3.16

0.741834

3.18

3.01

0.263418

3.25

3.47

0.154687

ideas?
* t-test shows difference at 0.05% confidence level.

132

p from ttest
0.885019

hypothesis”) with Women’s College students reporting significantly greater
gains. Presumably, these are skills Women’s College students honed in
structured laboratory settings that were missing at Alternative College. In
both Women’s College courses that responded to surveys, students were
asked to design an experiment of their own choice (within certain
parameters). Alternative College students showed significant gains over
Women’s College students on item 4 (“write about a science topic of interest
to you”). Most Alternative College courses offered in the fall of 1998 were
library research-based courses where students wrote final papers on a
research question of their own choice.

Major Findings: Part II - Question 3

Are the changes in students’ sense of agency with regard to science
different when science learning is more inquiry-based rather than more
traditional or content-based?
The data on agency is more difficult to put together neatly than is the
data on epistemology and justification. There is not a scheme used in this
study for rating the degree of internal agency that students felt, but the
literature points to a relationship between epistemology and agency (Perry,
1970, 1981; Baxter Magolda, 1992). Experiences that resulted in change in
epistemology would be the same ones expected to result in change in agency.
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In this study, students’ sense of agency manifested itself in their sense of
ability that they could be participants in science, that they could perform
certain skills, and that they had accomplished something (either by having
created something of their own design or by virtue feeling pride in their
work).
Often, students see science as something in which only experts can
participate. This was certainly the case of Women’s College Interdisciplinary
students at the start of the academic year. After one semester in the course,
all students interviewed said they were not so intimidated by science or so
dependent on others. Belonging to a group where there was a shared
perception of themselves in relation to science was important to these
students’ sense of safety in studying college-level science. The instructors
encouraged students to ask questions. They created an environment where
not knowing the answer was an excellent starting point (and an expected
one) for beginning an exploration.
Students in the other courses also reported feeling more certain that
they could figure things out for themselves after one semester, though they
cited different reasons and different ways of figuring things out. Alternative
College students were more likely than Women’s College students to say they
would find answers to their own questions by going to the primary literature
and looking at the strengths or weaknesses of arguments to help them know
what to believe about a scientific issue.

Women s College students spoke
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about going to professors or experts and trusted that they could figure out
what to believe, but they spoke less about weighing evidence.
Self assessments showed that students made greater gains in their
abilities when given sufficient practice on their own (as opposed to having
processes modeled for them) with the particular skill or understanding. For
example, Women’s College students had weekly structured labs where they
were asked to represent data quantitatively and all Women’s College
students survey had one lab experiment of their own design. Consequently,
they reported significantly greater gains than Alternative College students in
their ability to construct graphs and charts and in their ability to design an
experiment to test a hypotheses (see items 9 and 10 in Table 10). Alternative
College students read more primary literature and wrote papers about their
findings. They made significantly greater gains than Women’s College
students in their assessments of their abilities to critically evaluate a
primary research article, make judgments about science issues they might
read about in the newspaper, and write about a topic of interest (see items 4,
5, and 16 in Table 7). These results point to the importance of varying the
learning opportunities for students. What’s more, they suggest that typical
transmissionist approaches to teaching would not result in gains in students
abilities in as many of the valued skills of science as would inquiry-based
instruction where students are engaged in doing science.
The regular, structured lab work and rigorous lab reports gave
students at Women’s College the sense that they could really do science. This
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sense was lacking in Alternative College students who had less regular
laboratory experiences. Ironically, it was the Alternative College students
who were engaged in activities that more closely resemble the work of
scientists. Perhaps the differences in responses to survey questions about
perceived gains are affected by a greater understanding on the part of
Alternative College students of all the things that really go into a piece of
scientific work. In this case, they would have realized that they only had
practice in a portion of that work.
In all programs, being engaged in projects of their own design had
profound effects on students’ sense that they could do science. Large
projects, such as those at Alternative College, had greater effects on students’
sense of ownership (whereas the rigor of the work at Women’s College gave
students a sense of pride in having completed the work).

What’s more,

involvement with these larger projects meant there was a greater likelihood
that students were also engaged with the material in such a way that they
really were changing in terms of cognitive development (epistemology and
justification) as well.

Chapter Summary
This chapter described the data collected and analyzed them as they
related to the study’s two main purposes. First, it described the degree to
which the courses analyzed engaged students in scientific inquiry. Second, it
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articulated the ways that students’ epistemology, methods of justifying
decisions in science, and their agency in science changed over the course of
one semester in the programs of study.

The findings for both sections are

summarized here.

Part I - The Courses
Although all courses had some opportunities for students to engage in
answering ill-structured questions, the degree to which courses asked
students to engage in scientific inquiry was related to the degree to which
faculty held process goals. Faculty at Alternative College had wellarticulated goals for students (among other things) that they ask and answer
authentic questions through inquiry, that they produce work over which they
have ownership, and that they understand the process of “doing science.”
These goals are very different than Women’s College faculty goals that
stressed student mastery of content, increased student comfort with science,
or having students’ understand science from a particular perspective.
Having strongly articulated process goals for students correlated with
faculty creating experiences for students that led them to engage in such
practices as hypothesizing, designing experiments, collecting and analyzing
data, drawing conclusions, reading primary literature, making decisions, and
justifying decisions with evidence.
Students also had very different impressions of the important learning
experiences in these different institutions and programs. Students at
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Alternative College saw their important learnings as such things as seeing
there is uncertainty in scientific knowledge, learning analytical thinking,
completing projects, realizing they can critically evaluate the work of experts,
and other process skills. Students in Women’s College Interdisciplinary
Science saw their important learning experiences as seeing that they are
capable of doing science and that science affects their everyday fives.
Students in Women’s College Biology courses saw their important learnings
as those that taught them to be better students. Again, these views of the
important learnings relate back to faculty goals and emphases.

Part II - The Students
Questions 1 and 2: Are the changes in students’ epistemic assumptions and
methods of justifying decisions about ill-structured problems different when
science learning is more inquiry-based rather than more traditional or
content-based?

Despite what students understood as important, their understanding
of the nature of scientific disagreement, the ways that scientists resolve these
disputes, and their comfort with uncertainty in scientific claims was affected
by the same kinds of experiences — those that gave students direct experience
with scientific disagreement and with justifying their decisions about ill-
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structured problems. Students had at least some opportunity for such
experience in all courses, but there were differences in effectiveness based on
emphasis given in the course. The most effective courses were Alternative
College’s project-based courses that had students read primary literature in a
systematic way and/or perform real experiments where they saw how the
context of an experiment affected the results. Students then had to justify
their own thinking, if only to point out the strengths and weaknesses of the
conflicting arguments. In these courses, students’ average epistemology and
justification scores increased significantly, from 4.0 to 4.4 (p=0.00035). At
Women’s College, courses that asked students to make arguments using
primary literature did so in shorter assignments that were not so important
to student grades as were content-based tests. As a result of these
assignments, students did begin to understand disagreement in science, but
they did not gain the tools to decide which were the stronger arguments.
Students’ average epistemology and justification scores showed no significant
change, beginning at 3.8 and ending at 3.9 over the course of one semester at
Women’s College (p=0.17).

Question 3: Are the changes in students’ sense of agency with regard to
science different when science learning is more inquiry-based rather than
more traditional or content-based?
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Students at both institutions, and in all programs were more confident
of their ability to do science at the end of the semester than at the start. This
represented a greater shift for Interdisciplinary Science students at Women’s
College than for any other group, as they entered with the least confidence as
a group. Women’s College students gained confidence in their ability to
perform as college students in a rigorous environment, reporting important
learning experiences as learning to write lab reports, study better, take
notes, and write college research papers.
After one semester, Alternative College students were more likely than
Women’s College students to say they would go to the primary literature and
look at the strengths or weaknesses of arguments to help them know what to
believe about a scientific issue. Women’s College students spoke about going
to professors or experts and they trusted that they could figure out what to
believe, themselves, but they spoke less about weighing evidence.

What’s

more, Alternative College students reported greater gains in the kinds of
skills associated with library research, which included skills related to one’s
sense of power in evaluating arguments (an important aspect of agency).
Alternative College students were also more likely than Women’s
College students to report having created work that was of their own design
and over which they felt ownership.

Chapter 5 summarizes the research and discusses recommendations
for research and teaching practice.
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CHAPTER 5
SUMMARY AND DISCUSSION

In this chapter, the author summarizes the research, elucidates
unexpected findings, makes recommendations for curriculum and
instruction, and suggests avenues for further study. The chapter closes with
concluding remarks.

Summary of Research
The purpose of this dissertation was two-fold. First, the study briefly
described the teaching and learning that took place in introductory science
courses at two institutions. At Alternative College, the first-year program is
designed to engage students in research on open-ended, researchable
problems, with an emphasis on learning the process of science. At Women’s
College, the first year program focuses much more on learning content, with
an eye toward giving students a solid science background in order that they
be prepared for future studies and research.

The description of these
/

courses focused on the degree to which they involved students in scientific
inquiry and engaged students in the solving of ill-structured problems.
As its second purpose, this research compared the students in these
different learning environments with regards to a number of dimensions of
college-age adult development. It addressed the following research
questions:
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1) Are the changes in students’ epistemic assumptions different when
science learning is more inquiry-based rather than more traditional or
content-based?
2) Are the changes in students’ methods of justifying decisions about illstructured problems different when science learning is more inquirybased rather than more traditional or content-based?
3) Are the changes in students’ sense of agency with regard to science
different when science learning is more inquiry-based rather than more
traditional or content-based?

The data collected to answer these research questions were pre-, post¬
semester Likert-scale Science Questionnaires on student attitudes and
beliefs about science, post-semester Likert-scale student self-assessments, indepth interviews of a sample of students from each course, interviews with
faculty about teaching methods and goals, and classroom observations.
From these data, a description of the courses as they currently exist
and a description of the kinds of learning opportunities that had the greatest
effects on the development of students’ epistemic assumptions, methods of
justification, and agency was created. These findings are reported in detail
in Chapter 4. Major findings are summarized and presented here by
research question.
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Major Findings

Part I - The Courses
All courses gave students some opportunities to answer ill-structured
problems. They differed in the extent to which this was a focus of the course,
and so, in effectiveness of engaging students in inquiry.
After one semester, students in different courses had different
interpretations of what it meant to learn science. Students at Alternative
College believed the important learning experiences had to do with the
process of doing science (e.g. reading primary literature and thinking
analytically). Students in Women’s College Biology courses saw their most
important experiences as learning science content and how to be successful
students (e.g. learning study skills and understanding how to write a college
research paper or lab report). Students in Women’s College Interdisciplinary
Science saw the most important experience as having had a positive
experience with science (e.g. seeing that they could do science and that
science was relevant to their lives).
The way students ultimately understood what science is—a collection
of information or a way of asking and answering questions about the world—
may be the result of how it is presented to them.
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Part It - The Students
Questions 1 and 2:
Are the changes in students’ epistemic assumptions and methods of
justifying decisions about ill-structured problems different when science
learning is more inquiry-based rather than more traditional or contentbased?

The epistemological literature is very helpful in elucidating the
general direction of change one can expect to see in college students. What
this literature suggests in terms of correlating specific stages to certain years
of college education seems to be an artifact of the way students are
traditionally taught. The Vygotskian view of education leading development
has far-reaching implications for the ways that curriculum and instruction
affect students’ development in terms of epistemology and methods of
justifying decisions. Even though shifts in stages are slow, students mature
more quickly if they have personal experiences in facing uncertainty in
knowledge claims and if they are asked to weigh evidence in making
decision-justifications. Important experiences that affect student thinking
are: a) asking and answering authentic, ill-structured questions; b) reading
conflicting reports in the primary literature and being asked to justify
decisions; and c) designing and performing experiments (where they see how
the context of an experiment and control of variables affect their results).
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The use of both laboratory or field research and the reading of primary
literature seems to be a powerful combination in affecting students’
understanding of how scientific knowledge is created and the reasons for
disagreement in science. Students used the ideas they learned from such
personal experiences in making their own justifications in interview
questions.
In the end, the curriculum of a course goes far beyond the subject
matter covered. The structure of the material (how it is organized) and the
instructional strategies convey powerful messages to students about the
nature of science and the degree to which they are, themselves, scientists.
What is stressed as important, both explicitly (via assignments, evaluation,
and stated goals for students) and implicitly (via teacher roles and attitudes
and the roles assigned to students as learners) has profound effects on what
students learn. Each of these courses was successful, in part, because of the
enthusiasm and love of the subject matter that faculty conveyed. The
instructors’ choices of teaching strategies affected students’ sense of agency
and confidence in science. The materials students used, whether textbooks
or primary literature, affected their view of how scientific knowledge is
created and their view of the degree of uncertainty inherent in scientific
knowledge claims. And finally, the expectations for student work influenced
learning outcomes. When students were required to make scientific
judgments, they learned how to weigh evidence. When they were required to
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study for tests, they learned certain kinds of study skills. When they had to
carry out projects or design experiments, they learned about the process of
performing scientific work. What is more, these learning outcomes were
more likely to happen when the goals and expectations were explicitly stated
and students were given time and the appropriate credit for meeting them.

Question 3:
Are the changes in students’ sense of agency with regard to science different
when science learning is more inquiry-based rather than more traditional or
content-based?

Students gain confidence in their ability to do science and have pride
in their work when they are successful in whatever form of science education
they experience, whether it is in traditional lecture/lab or inquiry-based
courses. Similarly, thoughtful instructors can create environments that help
students see the usefulness of science in their fives by organizing their
curricula in either fashion. Students are more likely, however, to make gains
in their ability to critically evaluate the work of other scientists and produce
authentic scientific work of their own in inquiry-based courses.
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Unexpected Findings
Although not a part of the research questions for this dissertation,
some of the questions asked as part of the larger evaluation effort of which
this research was a part revolved around other aspects of adult development.
As students mature, they are described as not only developing new comfort
with uncertainty, but new views of themselves as learners, of their peers, and
of their teachers. These domains of adult development are described in the
literature as changing in predictable ways and as correlated to
epistemological changes (Baxter Magolda, 1992). So, for example, when
students see scientific knowledge as known with certainty, they have
authority-based thinking and do not perceive a role for peers in creating
meaning, though they may see peers as helpful in giving information they
might have missed. When they see knowledge as uncertain, they see
everyone’s opinion as valid and begin to see the role of peers as offering valid
information. As they begin to weigh evidence, they see the role of peers as
helping to critique ideas.
In this study, students demonstrated shifts in epistemology to greater
comfort with uncertainty, but by and large they did not show changes in
their views of the role of peers in their learning. Most saw peers as helpful in
offering different perspectives or giving assistance with directions when they
are stuck. There were two exceptions: 1) Women’s College Interdisciplinary
Science students felt encouraged and supported by their peers and 2)
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Alternative College’s Human Biology students who worked in structured
groups learned to respect the opinions and capabilities of their peers. These
students showed developmental profiles that did not follow the descriptions
of the stages, but instead made very different gains in the varied aspects of
development.
The domains of development in which students made gains were
directly correlated to the kinds of experiences they had. Students in
Alternative College’s Human Biology were the only group whose experiences
were structured in such a way that peers depended on one another for
substantive information. This is another example of the ways that context
affects development and points to developmental stage theory as being
helpful in suggesting direction of change. Actual change seems to occur in
uneven developmental profiles according to the juxtaposition of
complementary experiences. For example, students in Human Biology had
the experience of having peers find valuable resources at the same time that
they were, themselves, realizing that one must evaluate the strength of
competing knowledge claims. Students saw peers as valuable resources.
Student in other courses might have been critically evaluating primary
articles, but did not have the formal group work that led to changes in their
view of the role of peers in their learning. The route to development, then, is
more suggestive of Vygotskian theories of development (i.e. dependent on the
nature of the social context of the learning) than the Piagetian stage theories
suggest.
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Recommendations for Curriculum and Instruction

Students move farther along the path of scientific maturity the more
opportunities they have to become actively engaged in doing science
(participating in lab, field, and library research independently and in small
groups). The degree of success appears to be a direct outcome of how fully an
inquiry-based pedagogy is implemented. Even at Alternative College this
pedagogy is unevenly practiced, and faculty there could be more active in
promoting and supporting, among their colleagues, strategies whose efficacy
has been demonstrated, such as structured group work and the support of
students in making the transition to project work (both in terms of preparing
them for project work and starting projects in a timely fashion).
At Women’s College, as at many colleges, courses reflect the interests
and concerns of instructors. Faculty should be aware that if they hope to
increase their students' scientific maturity, there are some strategies that
work better than others. This study has shown that Women’s College
students grew as scientific thinkers when they were presented with certain
kinds of opportunities, for example, critiquing scientific writing (whether for
scientists or lay people) and developing their own laboratory experiments.
Biology faculty might benefit from reflecting on their goals for their students,
especially at the introductory level, and from discussing ways to advance
those goals.

149

Women’s College students were more confident than Alternative
College students in their ability to represent quantitative data graphically,
perhaps as a result of having to do so in regular lab reports, and faculty at
Alternative College would do well to include more opportunities for students
to represent their own data in multiple ways. Alternative College students,
however, showed greater gains in their ability to interpret graphical
information, probably a consequence of the expectation that they understand
primary literature, which is laden with graphical representations of data.
In general, structured laboratory experiences and less structured
projects affected students in different, but perhaps complementary, ways.
The more open-ended nature of Alternative College projects gave students
the opportunity to face the uncertain, ill-structured nature of science
problems. The structured laboratory experiences at Women’s College gave
students the sense that they were really doing science. The relationship
between the two might be likened to learning a musical instrument by
learning scales or by playing sonatas. The scales (structured laboratory
experiences) give technical expertise and the sonatas (inquiry-based projects)
are real music. Both have roles in becoming a musician. Each program must
decide on the balance they use in their teaching according to the desired
results.
In fact, some of the students interviewed did have experience with
both laboratory or field research and with reading primary literature. These
were students in Human Anthropology or a couple of students interviewed
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who happened to be in more than one natural science course. Students
engaged in both kinds of activities seemed to have more mature epistemic
stances in interview data. This is a compelling argument for including both
kinds of experiences in a college curriculum. If it is the learnings about the
structure of science, about how scientists work and about how they make
decisions that one hopes will stay with students long after they leave a
program of study, then the program should be structured more closely to that
of authentic science.

Recommendations for Current and Future Research

Methodological Considerations for Current Research
This section describes three methodological considerations in the
current research that should be addressed in future research. Remedying
the first two considerations would strengthen the descriptions of the degrees
to which the courses were inquiry-based. The third is a minor survey-data
collection issue that could increase the number of respondents.
Descriptions of courses for this study came from observation of courses,
interviews of faculty about their goals and methods, and interviews of
students about their experiences in the courses. Although it was possible to
paint a fairly rich description of the aspects of the courses that were apparent
from these methods, there were some missing pieces. It would have been
valuable to examine the assignments given to students (lab reports, field
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work, problem sets, readings, etc.) and assessments (exams or papers) for
evidence of ill-structured questions or requests for students to make or revise
hypotheses, predict, analyze data, make and support arguments, or draw
conclusions.
There was another issue with data for course descriptions.
Observations of courses were done by several different members of the larger
evaluation team. Although attempts were made to ensure that all observers
were defining student and faculty behaviors similarly, there should have
been some class sessions that were visited by two observers with analysis of
inter-rater reliability. Such visits and attention to observation techniques
would have allowed for the development of a numerical coding scheme that
would be helpful in describing the degree to which a course is inquiry-based.
Post-semester surveys were difficult to schedule as students typically
fill in a number of course evaluation forms and surveys that meet
institutional needs. Perhaps the Science Questionnaire and Student
Learning Assessment could be completed a week or two before the end of the
course without jeopardizing the quality of data collected. In this way, the
surveys would be given before the last class session when attendance may be
low.
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Recommendations for Further Study
In this study there was some attempt to look at students’ epistemic
assumptions and justification alongside a number of other measures of what
students’ took away from their experiences. These other characteristics were
their agency in science, their beliefs about what science is and how it works,
and their gains in certain skills and understandings. This study was not
designed to make clear links among these different measures. Future
research may focus on determining whether there is a relationship between
epistemology and critical thinking skills in science, or whether there is a
relationship between epistemology and understanding how scientists create
and revise theory.
Attempts to use developmental schemes that address general changes
in students’ epistemology to code thinking about scientific knowledge claims
were often frustrating. Students seemed to think that personal opinion and
interpretation played a much greater role in the humanities than in science.
They saw science as more factual and believed that because scientists are in
agreement about many things, they are known with absolute certainty.
Future work in this area will investigate whether there are real differences
in the developmental schemes for science and the humanities or if they
represent stylistic differences.
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Closing

Most college students never engage in real scientific inquiry during
their college careers. If college graduates are to be able to make scientific
judgments in their own fives and appreciate science and nature, then there is
much to be done to bring science education into fine with what is known
about teaching and learning. What is more, curriculum reform must take
place not only for senior honors students, but for those students whose
introductory science course is their last college science experience.
This study explored the changes that take place in student thinking
about science and in their views of themselves as meaning-makers in science.
It did so in courses that are inquiry-based and course that use a more
traditional lecture/lab format. It is the hope of this researcher that this work
be used to improve science curricula such that they lead all students to be
good decision-makers in the fight of controversy, and so that they broaden
the range of students who see themselves as capable of studying science.
This study attempts to support faculty in creating inquiry learning
environments by describing the kinds of experiences that were most
important in the development of mature scientific thinking. It gives a
rationale for putting the hard work into doing so by describing the changes
that take place in student thinking when opportunities to be engaged in
inquiry were available.
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By engaging in science rather than learning science facts, individuals
learn more about the nature of scientific knowledge and about using
scientific evidence to answer the ill-structured problems that life presents.
Studying science by inquiry also gives students an understanding of the
structure of the discipline and the opportunity to complete a piece of work
over which they feel ownership. Hopefully, these are understandings that
will stay with students even if they forget the facts they learned in class.
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APPENDIX A

INTERVIEW SCHEDULE
The same questions were asked of students pre- and post- semester. In the
first interview they were worded as written here (i.e. about prior
experiences). In the second interview, they were worded to find out about the
students’ experiences in their introductory science course.
1. What kinds of things have you done in science classes?
(probe for HOW they learned as well as WHAT they learned).
a. What was your role as a learner in science classes?
b. What was the instructors’ role?
c. What was the role of your peers in your learning?
d. What kind of reading did you do? How did it affect your
learning?
2. What have been some of the most important learning experiences for you
in prior science courses?
3. What kinds of questions do scientists try to answer? How do they go about
that?
4. In some science classes the teacher does most of the talking and
demonstrations while the students take notes and answer questions. In
other courses, the students are asked to do experiments or library
searches, and present their findings to the class. If you had your choice,
which would you prefer and why?
a) What do you think are the BEST features of both of these methods for you?
Why?
b) What do you think are the WORST features of both of these methods for
you? Why?
5. Do you learn best in classes where students are asked to work together in
collaborative groups or where students are asked to work independently?
Why did you choose the one you did? What are the advantages or
disadvantages of each method?
6. Some people have told me that in the humanities they are more confident
that they have something to contribute to the class than they are in
science classes. Do you agree?
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Have you ever produced anything in a science course that felt like your
own work? Describe it.
7. Read and comment on the following: “Everyday, in more and more areas
of science the right answer is known. In areas where the right answer is
known, I look to experts to tell me what is right. In areas where no right
answer is known, I think anyone’s opinion is as good as another’s.”
In learning about something you really want to know, who do you look to?
Do you rely on experts? How do you know someone is an expert?
What do you do when experts disagree? Do you agree with this person who
says that when there are no right answers anybody’s opinion is as good as
another’s?

I will be giving you two different situations and asking the same series of
questions about them. I am not concerned with how much information you
have about the issues, but how you think about them. I ask the same
questions in order to standardize the interviews; I’m not repeating them
because I am looking for a particular answer. For each of the two issues, I
will read a statement out loud while you follow along on a card. After I finish
reading the statement, I’ll give you a minute to think about the issue and
then we will talk about it.
8. There have been frequent reports about the relationship between
chemicals that are added to foods and the safety of these foods. Some
studies indicate that such chemicals can cause cancer, making these foods
unsafe to eat. Other studies, however, show that chemical additives are
not harmful, and actually make the foods containing them more safe to
eat.
a)
b)
c)
d)

h)

What do you think about these statements?
How did you come to hold that point of view?
On what do you base that point of view?
Can you ever know for sure that your position on this issue is correct?
How or why not?
When two people differ about matters such as this, is it that one opinion
is right and one is wrong?
If yes, what do you mean by “right”?
If no, can you say that one opinion is better in some way than the other?
What do you mean by “better”?
How is it possible that people have such different points of view about this

i)

subject?
How is it possible that experts in the field disagree about this topic?

e)
f)
g)
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9. Determining the mass of an electron is an experiment that chemists have
been conducting for decades. Some say that we can now know the mass
with certainty because we can determine it with such a high degree of
precision. Others say that because all measurements involve uncertainty,
we can never know the true mass of an electron.
a) What do you think about these statements? How did you come to hold
that point of view?
b) Can you ever know for sure that your position on this issue is correct?
c) How or why not? When two people differ about matters such as this, is it
that one opinion is right and one is wrong?
d) If yes, what do you mean by “right”?
e) If no, can you say that one opinion is better in some way than the other?
f) What do you mean by “better”? How is it possible that people have such
different points of view about this subject?
g) How is it possible that experts in the field disagree about this topic?
10. Can you name a current scientific issue that you studied that seems to
have important ethical or economic or pohtical or ecological implications?
(I probe for understanding).
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APPENDIX B

SURVEY INSTRUMENTS
Science Questionnaire
Please indicate how strongly you agree with each of these statements
A) Strongly Agree, B) Agree, C) Neutral, D) Disagree, E) Strongly Disagree
1. Even if I forget the facts, Ill still be able to use the thinking skills I’ve
learned in science.
2. I am curious about how the natural world works.
3. You can rely on scientific results to be true and correct.
4. The process of writing in science has helped me understand scientific
ideas.
5. I do not use scientific thinking outside of school.
6. I like exploring science problems by using real data.
7. When scientific results conflict with my personal experience, I follow my
experience in making choices.
8. I have found other students to be useful sources of scientific knowledge.
9. Students who do not major/concentrate in science should not have to take
science.
10.1 wish science instructors would just tell us what we need to know so we
can learn it.
11. Intuition does not play a role in science.
12.1 become bored when scientific issues are raised in casual conversations.
13. Science is not connected to non-science fields such as history, literature,
economics, or art.
14. Expressing scientific concepts mathematically makes them more
confusing to me.
15. Scientific thinking has been an important tool to help me learn other
subjects.
16. When experts disagree on a science question, it’s because they don’t know
all the facts yet.
17.1 get personal satisfaction when I solve a science problem by figuring it
out myself.
18.Using a computer makes learning science more complicated than it needs
to be.
19.Since nothing in science is known for certain, all theories are equally
valid.
20.1 can back up my ideas in science.
21. Science is essentially an accumulation of facts, rules, and formulas.
22.1 can do well in science courses.
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23. Scientists publish their work in professional journals that are too
technical for me to understand.
24. Real scientists don’t follow the scientific method in a straight-line.
25. There is too much emphasis in science classes on figuring things out for
yourself.
26. Only scientific experts are qualified to make scientific judgments.
27. Using graphs and charts helps me understand relationships in science.
28. Scientists know what the results of their experiments will be before they
start.
29. Explaining science ideas to others has helped me understand them better.
30.1 often watch science programs on television or read articles about science
topics in the newspaper.
31. The main job of the instructor is to structure the work so that we can
learn it ourselves.
32. When I come across a mathematical formula in a science paper or text, I
skip it.
33.Scientists back up their own ideas by playing with the statistics.
34. Lab experiments are used to confirm information studied in the science
class.
35. If an experiment shows that something doesn’t work, the experiment was
a failure.

Demographic Information
1. Fill in the last six digits of your Social Security Number. This information enables
to match surveys from the beginning and end of the course. It does not enable us to
identify you.
2. Sex
A) Male

B) Female

3. Age
A)
B)
C)
D)

Under 17
17
18
19

E) 20
F) 21
G) Over 21

4. What year are you?
A) First Year/Freshman
B) Second Year/Sophomore
C) Third Year/Junior

D) Fourth Year/Senior
E) Graduate Student
F) Other
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5. If you are a transfer student, mark A. If you are not, mark B.
6. With which of the following groups do you self-identify? Mark all that apply.
A) African-American/ Black

D) Asian/Pacific Islander

B) Latino/Hispanic

E) Caucasian/White

C) Native American

F) Other

7. What is your most likely concentration/major?
A) Natural Sciences/Mathematics

D) Social Sciences

B) Humanities and Arts

E) Undecided

C) Cognitive or Behavioral Sciences
8. Are you considering concentrating/majoring in science?
A. Yes
B.

No

9. Which of the following courses have you taken in high school? Mark all that apply.
A) Earth Science

E) Anatomy and Physiology

B) Biology

F) Pre-Calculus

C) Chemistry

G) Calculus

D) Physics
10. In how many science and math courses are you enrolled this semester?
A) 0

D) 3

B) 1

E) 4

C) 2

F) 5

11. What is the PRIMARY reason you are taking the science course(s) you are enrolled in
this semester? (mark only one)
A) To meet a college requirement
B) Because I am interested in the subject matter
C) I am not taking a science course this semester
12. Are you considering taking one or more science courses beyond filling a college
requirement?
A) Yes

B) No
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Student Learning Assessment Survey
Your answers on this survey will not be used to evaluate you or your course
instructor. It is designed to give us feedback about the strengths and weaknesses of
the first-year program in order to help us improve it. We do not expect that you will
have had the opportunity to practice ALL of these things in your science course this
semester. Please answer according to your experiences in this science course.
Fill in the last six digits of your Social Security Number. This information enables
us to match surveys from the beginning and end of the course. It does not enable us
to identify you.
Instructions - Use only a #2 pencil. Fill in all answers completely.
Fill in the bubble corresponding to your response. Use the following scale:
A) A great deal
D) Just a little
B) A lot
E) Not at all
C) A fair amount
N/A Not applicable to this course

As a result of your work in this class, to what extent did you improve in your ability
to:
1)

Engage in laboratory, field, or library research to answer your questions?

2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

Analyze quantitative data?
Formulate scientific questions about the world around you?
Write about a science topic of interest to you?
Make judgments about science issues you might read about in the newspaper?
Understand the statistical analysis of data in science articles?
Help another student formulate questions in science?
Apply something you learned in a science course to your own life?
Construct tables and graphs to present data?
Design an experiment to test a hypothesis?
Make an argument about a controversial point in this field?
Interpret the tables and graphs you come across in the work of others?
Locate information that would help you to answer a scientific question?
Explain something you learned in this course to another student?
See connections between science and other fields of study?
Critically evaluate a primary research article?
Represent experimental results quantitatively?
Read a scientific research paper and summarize its main points?
Recognize the difference between scientific observations and interpretations?

20) Use scientific evidence to support your ideas?
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APPENDIX C

FACULTY INTERVIEWS
1) What are your primary goals in teaching first year students? What are
some of the ways that you tried to accomplish these goals?
2) How did you balance the process goals with content goals?
3) To what extent do you have students actively engaged during class in
doing individual or group work in the classroom?
For each of the following, how important do you think these things are for
introductory science students and if they are important, how do you
accomplish them?
How important is it for introductory science students to:
a) Address uncertainty in scientific knowledge?
b) Take initiative in asking their own questions for investigation?
c) Develop their own hypotheses or formulate their own models for
how something works?
d) Gather their own data in the lab or field?
e) Answer ill-structured questions (as opposed to questions whose
answers are known with a high degree of certainty)?
f) Locate, read and understand primary literature on a topic?
g) Engage in those kind of iterative cycles that a scientist does of
reformulating...gathering information and reformulating
hypotheses or re-testing?
h) Critique the work of experts, either in the text or in the primary
literature?
4) Is there anything that didn’t come up in this discussion that would help
me understand students’ experience in the course?
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APPENDIX D

GOALS OF THE DIFFERENT PROGRAMS OF STUDY
Alternative College’s Goals for First-Year Students
1. Students ask and answer their own open-ended, authentic questions
through engagement in inquiry, articulating basis for decisions and
producing work over which they feel ownership.
2. Students gain a clearer understanding of the scientific method by
participating in the design and implementation of a research project.
3. Students see their projects in broader contexts (political, social, economic,
and ecological).
4. Students reach a level of increased understanding of why and how
quantitative analyses play key roles in scientific investigations; learn
these skills in context.
5. Students develop oral and written communication skills (in regards to the
use and evaluation of primary literature and other sources, and in
regards to their own writing and speech in science); skills taught in
context.

Implicit in the Alternative College’s goals is that content knowledge is
seen as background context in which other process skills are learned

Women’s College Faculty Goals - From Interviews

Non-Maiors’ Biology
The professor’s main goal in this course was to get students over their
fear of biology, particularly of using a reductionist approach. He tried to
accomplish this by moving up and down the scale of molecules to organism
and back. The instructor used circadian rhythms as a biological example
that could span the whole spectrum. The hope was to use this example to
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help students see why Biologists work at these different levels. He also used
the biology of women as an example to help make the material relevant.
He used circadian rhythms also to show how questions led to
experiments to data and discussions over what the data mean. He wanted to
have students see the uncertainty in the data, but chose to do this later in
the semester rather than have that perspective raise the perpetual question
of whether we really know something all semester long.
The professor encouraged students to question. He did not
intentionally set up experiences where students investigated questions that
were somewhat original (or that he did not know the answers to), though it
did happen in a lab on bacterial transformation and he realized that this
generated some very lively discussion and interest.
It was important to the instructor that students have practice with
hypothesizing. In retrospect, he wished he had had them write up their
hypotheses formally before the lab.
It was important to have students do laboratory experiments. The
ones the instructor felt worked best were ones that were tied to the lecture
content that really demonstrated a concept covered in class.
The instructor felt it was crucial to have students look at primary
literature. He gave a number of assignments that required it - one was
looking up chromosomal abnormalities and another lab required two primary
sources.
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He wanted students to be able to critique the work of others, but not
necessarily using primary literature. He assigned book reviews where
students had to take issue with biological topics in the books they chose from
a list of 5.
He also wanted students to be able to voice their own opinions and had
them do group presentations on biological issues of importance to them.

Majors’ Biology
The course director’s main goal was to help students understand what
an organism is using information and questions from different sub¬
disciplines in biology and connecting them into a coherent picture (as
opposed to seeing the sub-disciplines as separate) - to make biology more
coherent by showing connections between things that don’t on first glance
have an obvious connection.
I was not at all driven by content along the lines of this is a first year
course they have to learn the following facts. The facts came out of the
stories and the goal was then to get them to think about big stories that have
lots of lateral connections to try to get them out of the scheme of seeing
science as a bunch of facts to be memorized and spit back on a test. But
instead to see it as a way of trying to ask questions and trying to propose
connections and thus make the world seem a little more coherent.
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I know that in my section there are a couple of very important graphs
and one lab is devoted to them coming up with a graph that they have to
figure out what goes on which axis rather than the traditional way of “here
are your labeled axes, put your points and here and here.” They have to
figure out how to draw and label the axes which oftentimes is a major
difficulty of having to change units around but we don’t do a lot of graphing
and we don’t do a lot of interpretation of graphs.
There has been no discussion among the people running the course as
to what sort of things do we mean by some sort of scientific literacy at this
level and that would probably be a useful discussion for us to have.

Interdisciplinary Science
I think one of the goals of Interdisciplinary Science is to actually teach
some basic Science so content is one of the goals. We deliberately chose the
theme of color and fight because it allows you to talk about the physical
world at it’s most basic. You can talk about the structure of matter and the
interaction of matter and energy and you can relate this to things that people
can actually see. We do talk about vision and perception so that’s something
people care about.
Underlying this is hope to teach something about scientific reasoning,
something about the use of observations in explanations. That the power of
Science is in its ability to explain phenomena.
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The unity of Science is that if you scratch very hard in any one of the
Sciences you wind up finding that there’s an agreement on underlying sort of
structure of the physical world. So those are some of the things we hope to
gain.
We also hope to give the students a sense that Science is something
that they could do and that they could find interesting. We have a large
population of students in our course who come to this course thinking science
is something they cannot do, that it cannot be interesting, that only some
special elite of which they can never hope to join could ever understand any
of this and we would like to change that.
We like to give them a sense that Science is interesting, that it’s not
just a bunch of disconnected facts which are tedious and annoying to
memorize and we hope that we can do this by presenting this sort of ...I keep
using the word Unity, this unified story about light and all the different ways
of looking at it and all the different implications of our study of it.
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APPENDIX E

DEVELOPMENTAL SCHEME USED FOR CODING INTERVIEWS
Stage

Epistemology and Method of Justifying Decisions

1
Dualistic
Thinking

a. Knowledge is certain.
b. Authorities have the right answers.
c. Decide based on what authorities tell you.

2
Modified
Dualistic
Thinking

a. Knowledge is certain, but not always immediately available.
b. Decide based on what authority tells you.
c. Disagreement exists because some authorities know better (or some
put in complexities just to make you think).
d. Reasons for disagreement in scientific data - error in experiment (but
not error due to uncertainty that is always present in measurements).

3
Transition 1
Thinking

a. Knowledge is certain in some areas, uncertain in others.
b. There are some things that are known for certain and other things
that we don’t know the answer to yet, but we will.
c. When right answers are known, decide based on what authorities tell
you; when answers unknown, decide on what “feels right” (logic,
most recent information, most common answer, etc.)
d. Reasons for disagreement are bias and conflicts of interest, such as
financial motivation, but without even talking about evidence and
how there can be manipulation of statistics (just vaguely discussing
that you can prove whatever you want).

4
Multiplistic
Thinking

a. Knowledge is uncertain; everyone has their own beliefs.
b. In science, there are no right answers that are known, but some
answers are more logical than others
c. Decide based on idiosyncratic use of evidence - choosing evidence that
backs own beliefs; variables seen as lost data, incorrect reporting of
data, different access to information. Beginning to see there is
uncertainty in measurement (without connecting this to context).
d. Reasons for disagreement are bias and financial motivation, where
the student talks about evidence and how there can be manipulation
of statistics in order to idiosyncratically support one’s prior held
beliefs.
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5
Transition
II Thinking

a. Knowledge is uncertain, but some ideas are better supported than
others. Speak about evidence in lending support.
b. Scientists may come to greater agreement in the future as they collect
more information - some arguments will continue to gain support.
c. Look at evidence in making decisions. Need help in determining what
makes evidence stronger in each new situation.
d. Knows that some sources more credible, but still not sure which.
e. Reasons for disagreement have to do with variables that can be
different - but these are either vague or global and not internalized
to one’s own experiences.
f. Bias argument modified: experiments can be set up differently so they
are testing for different things. Beginning of understanding the
context of the experiment (but without specific examples).

6
Contextual
Thinking

a. Knowledge is known within a particular context and is limited by
perspective of the knower.
b. Decide based on evidence using the rules of inquiry for that context.
c. Credibility of sources must be weighed in that context.
d. Reasons for disagreement are due to contextual variables that the
student can name and understand - they have internalized it and can
apply it to specific situations - rather than a global view.
e. Bias answer is now modified to demonstrate that using specific
populations or contexts can give slanted perspectives.

Adapted by the researcher from the work of Perry (1970), Belenky et al
(1986), Baxter Magolda (1992), and King & Kitchener (1994).

170

APPENDIX F

FACULTY AND STUDENT CONSENT FORMS
Student Consent Form
This research project is being carried out by Laura Wenk, a paid consultant
for the faculty of Natural Sciences at “Alternative College” and the
Department of Biological Sciences at “Women’s College”, and by [other
faculty at Alternative College],
The study is designed to help faculty at [two] institutions improve
science education and to produce materials to support science
education. Some of the data will also be used in published and unpublished
reports produced by the consultants and faculty. No one will make any
money from the use of data collected in this study.
Participation in the study is voluntary and your decision to participate
or not will in no way affect your evaluation or grade. Although we appreciate
your continued participation in this study, you may drop out at any time.
You have the right to review all materials and results at the end of the study
upon request.
All responses are kept in the strictest of confidence. All data will be
collected anonymously. Researchers will ask you to write the last 6 digits of
your social security number on all survey forms. This information will be
used to match pre- and post-semester surveys. It cannot be used to identify
you. Quotes from interviews will be cited using first names or nicknames
only. Direct quotes will never be attributed to particular students. Natural
Science and Biology faculty will, however, see anonymous compilations of
results after all student evaluations and grades are in.
Your signature below indicates your consent for any questionnaires
and communication with the researchers to be used in the ways
described above.

Signature

Date

Faculty Interview Consent Form

This research project is being carried out by Laura Wenk, a doctoral student
in the School of Education at the University of Massachusetts. Her
dissertation work describes a number of introductory science courses (in
terms of the kinds of learning experiences students have) and looks for
correlations between students’ understanding of the nature of science and
their methods of justifying decisions, given the different learning
environments.
Her dissertation work is taking place in the context of a larger evaluation
project for first year courses at [two institutions] paid for by grants from the
National Science Foundation and the Howard Hughes Medical Institute).
Some of the data collected will be used in unpublished reports to faculty as
part of the program evaluation, which has as its purpose, helping faculty
understand students’ experiences. Some of these data may also be cited in
both published and unpublished reports produced by members of the larger
evaluation team, including the doctoral dissertation described above. No one
will make any money from the use of data collected in this study.
All responses are kept in the strictest of confidence. All data in any of
the reports produced as a result of this research will be reported
anonymously, using psuedonyms or descriptors, such as “the instructor.” The
institutions, themselves, will be given pseudonyms in the dissertation work.
Participation in the dissertation research is voluntary and your
decision to participate or not will in no way affect the program evaluation.
Although your continued participation in this study is appreciated, you may
drop out of the dissertation study at any time. You have the right to review
all materials and results at the end of the study upon request.
Your signature below indicated your consent for your
communications with the researcher to be used in the ways
described above.

Signature

Date
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